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CERTIFIED MAIL

Dear Registrant:

This is to inform you that the Environmental Protection Agency (hereafter referred to as
EPA or the Agency) has completed its review of the available data and public comments received
related to the preliminary and revised risk assessments for the organophosphate pesticide
chlorpyrifos.  The public comment period on the revised risk assessment phase of  the
reregistration process is closed.  Based on comments received during the public comment period
and additional data received from the technical registrants, the Agency revised the human health
and environmental effects risk assessments and made them available to the public on August 16,
2000.  Additionally, the Agency held a Technical Briefing on June 8, 2000, where the results of
the revised human health and environmental effects risk assessments and interim mitigation
measures were presented to the general public.  This Technical Briefing concluded Phase 4 of the
OP Public Participation Pilot Process developed by the Tolerance Reassessment Advisory
Committee, and initiated Phase 5 of that process.  During Phase 5, all interested parties were
invited to participate and provide comments and suggestions on ways the Agency might mitigate
the estimated risks presented in the revised risk assessments.  This public participation and
comment period commenced on August 16, 2000, and closed on October 16, 2000.

Based on its review, EPA has identified risk mitigation measures that the Agency believes
are necessary to address the human health and environmental risks associated with the current use
of chlorpyrifos.  The EPA is now publishing its interim decision on the reregistration eligibility of
and risk management decision for the current uses of chlorpyrifos and its associated human health
and environmental risks.  The reregistration eligibility and tolerance reassessment decisions for
chlorpyrifos will be finalized once the cumulative risks for all of the organophosphate pesticides
are considered.  The enclosed “Interim Reregistration Eligibility Decision for Chlorpyrifos,” which
was approved on September 28, 2001, contains the Agency’s decision on the individual chemical
chlorpyrifos.

A Notice of Availability for this Interim Reregistration Eligibility Decision (RED) for
chlorpyrifos is being published in the Federal Register.  To obtain a copy of the interim RED
document, please contact the OPP Public Regulatory Docket (7502C), US EPA, Ariel Rios
Building, 1200 Pennsylvania Avenue NW, Washington, DC 20460, telephone (703) 305-5805. 
Electronic copies of the interim RED and all supporting documents are available on the Internet. 
See http:www.epa.gov/pesticides/op.



The interim RED is based on the updated technical information found in the chlorpyrifos
public docket.  The docket not only includes background information and comments on the
Agency’s preliminary risk assessments, it also includes the Agency’s revised risk assessments for
chlorpyrifos (revised as of June 8, 2000), and a document summarizing the Agency’s Response to
Comments.  The Response to Comments document addresses corrections to the preliminary risk
assessments submitted by chemical registrants, as well as responds to comments submitted by the
general public and stakeholders during the comment period on the risk assessment.  The docket
will also include comments on the revised risk assessment, and any risk mitigation proposals
submitted during Phase 5.  During Phase 5, EPA and the technical registrants of chlorpyrifos
entered into an agreement to implement interim risk mitigation.

This document and the process used to develop it are the result of a pilot process to
facilitate greater public involvement and participation in the reregistration and/or tolerance
reassessment decisions for these pesticides.  As part of the Agency’s effort to involve the public in
the implementation of the Food Quality Protection Act of 1996 (FQPA), the Agency is
undertaking a special effort to maintain open public dockets on the organophosphate pesticides
and to engage the public in the reregistration and tolerance reassessment processes for these
chemicals.  This open process follows the guidance developed by the Tolerance Reassessment
Advisory Committee (TRAC), a large multi-stakeholder advisory body that advised the Agency
on implementing the new provisions of the FQPA.  The reregistration and tolerance reassessment
reviews for the organophosphate pesticides are following this new process.   

Please note that the chlorpyrifos risk assessments and the attached interim RED concern
only this particular organophosphate.  This interim RED presents the Agency’s conclusions on the
dietary risks posed by exposure to chlorpyrifos alone.  The Agency has also concluded its
assessment of the ecological and worker risks associated with the use of chlorpyrifos.  Because
the FQPA directs the Agency to consider available information on the basis of cumulative risk
from substances sharing a common mechanism of toxicity, such as the toxicity expressed by the
organophosphates through a common biochemical interaction with the cholinesterase enzyme, the
Agency will evaluate the cumulative risk posed by the entire organophosphate class of chemicals
after considering the risks for the individual organophosphates.  The Agency is working towards
completion of a methodology to assess cumulative risk and the individual risk assessments for
each organophosphate are likely to be necessary elements of any cumulative assessment.  The
Agency has decided to move forward with individual assessments and to identify mitigation
measures necessary to address those human health and environmental risks associated with the
current uses of chlorpyrifos.  The Agency will issue the final tolerance reassessment decision for
chlorpyrifos and finalize decisions on reregistration eligibility once the cumulative risks for all of
the organophophates are considered. 

This document contains generic and product-specific Data Call-Ins (DCIs) that outline
further data requirements for this chemical.  Note that a complete DCI, with all pertinent
instructions, is being sent to registrants under separate cover.  Additionally, for product-specific
DCIs, the first set of required responses is due 90 days from the receipt of the DCI letter.  The
second set of required responses is due eight months from the date of the DCI.



In this interim RED, the Agency has determined that, with the exception of open-pour dust
formulations for fire ant control, chlorpyrifos products will be eligible for reregistration provided
that all the conditions identified in this document are satisfied, including implementation of the
risk mitigation measures outlined in Section IV of the document.  The Agency believes that
current uses of chlorpyrifos may pose unreasonable adverse effects to human health and the
environment, and that such effects can be mitigated with the risk mitigation measures identified in
this interim RED.  Accordingly, the Agency recommends that registrants implement these risk
mitigation measures immediately.  Sections IV and V of this interim RED describe labeling
amendments for end-use products and data requirements necessary to implement these mitigation
measures.  Instructions for registrants on submitting the revised labeling can be found in the set of
instructions for product-specific data that accompanies this interim RED.

Should a registrant choose not to implement any of the risk mitigation measures outlined in
this document, the Agency will continue to have concerns about the risks posed by chlorpyrifos.
Where the Agency has identified any unreasonable adverse effect to human health or the
environment, the Agency intends to initiate appropriate regulatory action to address this concern. 
At that time, any affected person(s) may challenge the Agency’s action. 

If you have questions on this document, the label changes necessary for reregistration, or the
generic DCI, please contact the Chemical Review Manager, Tom Myers, at (703)308-8589.  For
questions about product reregistration and/or the Product DCI that accompanies this document,
please contact Venus Eagle at (703)308-8045.

Sincerely,

Lois A. Rossi, Director
Special Review and Reregistration Division

Attachment
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Executive Summary

EPA has completed its review of public comments on the revised risk assessments and is
issuing its interim reregistration eligibility decision for chlorpyrifos.  The decisions outlined in this
document do not include the final tolerance reassessment decision for chlorpyrifos; however,
some tolerance actions will be undertaken prior to completion of the final tolerance reassessment. 
EPA intends to revoke the tolerance for tomatoes, because that use is being canceled, and to
reduce the tolerances for grapes and apples.  The final tolerance reassessment and reregistration
eligibility decision for this chemical will be issued once the cumulative risks for all of the
organophosphates are considered.  The Agency may need to pursue further risk management
measures for chlorpyrifos once cumulative risks are considered.    

The revised risk assessments are based on review of the required target data base
supporting the use patterns of currently registered products and new information received.  The
Agency invited stakeholders to provide proposals, ideas or suggestions on appropriate mitigation
measures before the Agency issued its risk mitigation decision on chlorpyrifos.  After considering
the revised risks taking into account the interim mitigation as well as additional mitigation
proposed by Dow AgroSciences (DAS), one of the technical registrants of chlorpyrifos, and
comments and mitigation suggestions from other interested parties, EPA developed its risk
management decision for remaining uses of chlorpyrifos that pose risks of concern.  This decision
is discussed fully in this document. 

Chlorpyrifos is an organophosphate insecticide, acaricide and miticide used to control a
variety of insects, first registered in 1965 for control of foliage and soil-borne insect pests on a
variety of food and feed crops.  Technical registrants include Dow AgroSciences, Gharda USA,
Inc., Luxembourg-Pamol, Inc., Makhteshim-Agan of North America, Inc. and Platte Chemical
Company, Inc.  Chlorpyrifos is one of the most widely used organophosphate insecticides in the
U.S. and, until 2000 when nearly all residential uses were cancelled, was one of the major
insecticides used in residential settings.  Currently registered uses include food and feed crops,
golf courses, greenhouses, non-structural wood treatments such as utility poles and fence posts,
and as an adult mosquitocide.  Structural treatments for termites are also currently registered, but
are being phased out.  All use of products for structural termite control will be prohibited after
December 31, 2005, unless acceptable data demonstrate that risks from these exposures are not of
concern.  Indoor non-residential uses include shipholds, railroad boxcars, industrial plants and
manufacturing plants.

Based on data reflecting usage for the years 1987 through 1998, the Agency estimates that
the annual total domestic usage of chlorpyrifos was approximately 21 to 24 million pounds active
ingredient (ai) for 8 million acres treated in the U.S.  Approximately 11 million pounds were
applied annually in non-agricultural settings (i.e., residences, schools, golf courses, parks) prior to
the implementation of interim mitigation in 2000.  The largest agricultural market for chlorpyrifos
in terms of total pounds ai is corn (~5.5 million).  The largest non-agricultural markets in terms of
total pounds ai applied were pest control operators (PCOs) for termite control (5 million), and
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turf (2.5 million).  Crops with a high average percentage of their total U.S. planted acres treated
include Brussels sprouts (73%), cranberries (46%), apples (44%), broccoli (41%) and cauliflower
(31%). 

In June, 2000, the Agency released its revised human health risk assessment and entered
into an agreement with the technical registrants to eliminate and phase out certain uses of
chlorpyrifos.  The agreement was established at that time in order to expeditiously address food,
drinking water, residential and non-residential uses posing the greatest risks to children.  The
mitigation contained in the agreement also reduced some occupational and ecological exposures
by eliminating use sites and reducing application rates.  Details of the interim risk mitigation can
be found on the internet at http://www.epa.gov/pesticides/op/.

The technical registrants have since agreed to additional mitigation measures addressing
occupational and ecological risks not addressed in the June, 2000 agreement.  These measures are
the result of discussion between the Agency and the technical registrants during Phase 5 of the
public participation process, and are in the process of being implemented.

Overall Risk Summary

EPA’s preliminary human health risk assessment for chlorpyrifos indicated dietary (food
and drinking water), occupational and residential risk concerns.  The revised risk assessment
indicates that, with implementation of the June 2000 mitigation agreement, dietary risks from food
are not of concern.  Drinking water risk estimates based on screening models and monitoring data
from both ground and surface water for acute and chronic exposures are generally not of concern. 
The exception is incidents of contamination resulting from termiticide use, which are highly
localized and expected to be declining because the termiticide use is being phased out.  There are
concerns for some workers who mix, load, and apply chlorpyrifos to agricultural and other non-
residential sites.  

  Application of chlorpyrifos poses acute and reproductive risks to many non-target
aquatic and terrestrial animals for all outdoor uses reviewed.  The risk quotients for all
chlorpyrifos uses exceed the levels of concern for most terrestrial and aquatic categories.  In
general, risk quotients are greater among estuarine species than freshwater species.  Terrestrial
animals are at less risk than aquatic species.  Birds appear to be more at risk than most
mammalian species.  Aquatic risk quotients for ground spray applications are less than aerial spray
applications at the same application rate.  

Results of the risk assessments, and the label amendments that EPA believes will mitigate
risks to acceptable levels taking into account the benefits of chlorpyrifos use, are presented in this
interim RED.  

Dietary Risk
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The preliminary risk assessment showed that acute dietary risks from food exceeded the
acute population adjusted dose (aPAD) for infants, all children, and nursing females of child-
bearing age (13-50 years old).  To address these risks, the technical registrants agreed to eliminate
use on tomatoes and restrict use on apples.  EPA will revoke the tomato tolerance and lower the
apple tolerance to ensure that both domestic and imported commodities do not contain residues of
concern.  Use on apples is restricted to dormant (pre-bloom) applications; the tolerance will be
lowered to reflect this.  In addition, the tolerance on grapes will be lowered to reflect the currently
registered use.  The proposed tolerance actions be announced in the Federal Register and will
have a 60-day public comment period separate from the comment period for this IRED.  With this
mitigation, acute risks from food are not a concern for any population subgroup.  

Acute and chronic exposures to drinking water do not exceed the DWLOCs and are
therefore not of concern.  Drinking water risk estimates based on screening models and
monitoring data from both ground and surface water for acute and chronic exposures are
generally not of concern.  The exception is incidents of contamination resulting from termiticide
use, which are highly localized and expected to be declining with the phasing out of the
termiticide use and implementation of generic risk mitigation for termiticides (reduction of the
concentration during the phase-out period.) 

Chronic dietary risk from food and drinking water does not exceed the Agency’s level of
concern for the general U.S. population or for any population subgroup.

Occupational Risk

Occupational exposure to chlorpyrifos is of concern to the Agency.  Exposures of concern
include mixing/loading liquids for aerial/chemigation and groundboom application, mixing
wettable powder for groundboom application, aerial application, and application by backpack
sprayer, high-pressure handwand, bulbous duster and hand-held sprayer.  Generally, these risks
can be mitigated by a combination of additional personal protective equipment and engineering
controls, and by reductions in application rates.  Additionally, the Agricultural Handler Task
Force will be developing exposure data to better characterize the risk from certain uses (e.g.,
applying granulars by air).

Postapplication risks can be mitigated by reducing application rates for a number of uses
and in some cases by the establishment of new restricted entry intervals, i.e.,  the amount of time
that must elapse before risks are not of concern to workers re-entering treated fields.

Residential Risk

Risks to residents, particularly children, from chlorpyrifos use in the home, as well as
residential postapplication risks following residential treatments are a concern.  To mitigate these
risks, the technical registrants agreed in June 2000 to cancel almost all indoor and outdoor
residential uses.  Virtually all products labeled for homeowner use have been cancelled effective
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December 31, 2001, except containerized ant and roach baits in child-resistant packaging which
have not been cancelled because they present minimal exposure.  Distribution and sale of products
for all other residential uses will be prohibited after December 31, 2001.  The application rate for
termite treatments was reduced as of December 1, 2000.  Full-barrier (whole-house) termite
treatment products may no longer be distributed or sold after December 31, 2001.   Spot and
local post-construction use will be canceled on December 31, 2002, and pre-construction
termiticide uses will be canceled on December 31, 2005, unless acceptable exposure data are
submitted and demonstrate that postapplication risks to residents are not of concern.

Non-Agricultural Non-Residential Risk

Risks to children in schools and parks, both indoors and outdoors, are of concern to the
Agency.  Therefore, per the mitigation agreement signed in June 2000, distribution and sale of
products bearing these uses will be prohibited effective December 31, 2001.  The only non-
agricultural non-residential uses that will be reregistered are golf courses, shipholds, railroad
boxcars, industrial plants, manufacturing plants, and processed wood products, none of which are
expected to result in risks to children.  Exposure data are required to confirm that exposure to
residents from chlorpyrifos-treated wood products is not of concern.

Aggregate Risk

Acute, short-term and chronic aggregate assessments were conducted.  Taking into
account residential risk mitigation, aggregate risks are not a concern for any of these scenarios. 

Ecological Risk

Risk quotients indicate that a single application of chlorpyrifos poses risks to small
mammals, birds, fish and aquatic invertebrate species for nearly all registered outdoor uses. 
Multiple applications increase the risks to wildlife and prolong exposures to toxic concentrations. 
In most cases, acute risk quotients exceed 1 for the most sensitive, small mammals and birds.  All
aquatic acute and reproductive risk quotients exceed 1; many aquatic risk quotients exceed 10 and
100, and both acute and reproductive risk quotients for estuarine invertebrates exceed 1,000 on
some crops.  In a few cases at maximum application rates, chlorpyrifos may bioconcentrate in the
tissues of fish and aquatic invertebrates to levels that exceed acute LC50 values for sensitive bird
species and reproductive NOAELs for birds and small mammalian species.  Hence without
mitigation to reduce levels in shallow waters, bioconcentration of chlorpyrifos in ponds and
estuarine areas may pose acute and/or reproductive risks to aquatic birds and mammals feeding
adjacent to treated areas.  

To address these risks, a number of measures including reduced application rates,
increased retreatment intervals, reduced seasonal maximum amounts applied per acre, and no-
spray setback zones around water bodies will be needed.
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Interim Reregistration Eligibility Decision

With the addition of the label restrictions and amendments detailed in this document, the
Agency has determined that all currently registered uses of chlorpyrifos except open-pour dust
formulations may continue until the cumulative risks for all of the organophosphates have been
considered.

The Agency is issuing this interim Reregistration Eligibility Decision (RED) for
chlorpyrifos, as announced in a Notice of Availability published in the Federal Register.  This
interim RED document includes guidance and time frames for making label changes for products
containing chlorpyrifos.  There will be a 60-day public comment period for this interim RED. 
Phase 6 of the pilot process did not include a public comment period; however, for some
chemicals, the Agency may provide for another comment period, depending on the content of the
risk management decision.  Neither the tolerance reassessment nor the reregistration eligibility
decision for chlorpyrifos can be considered final, however, until the cumulative risks for all
organophosphate pesticides are considered.  The cumulative assessment may result in further risk
mitigation measures for chlorpyrifos.

I. Introduction

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was amended in 1988 to
accelerate the reregistration of products with active ingredients registered prior to November 1,
1984.  The amended Act calls for the development and submission of data to support the
reregistration of an active ingredient, as well as a review of all submitted data by the U.S.
Environmental Protection Agency (referred to as EPA or “the Agency”).  Reregistration involves
a thorough review of the scientific database underlying a pesticide’s registration.  The purpose of
the Agency’s review is to reassess the potential hazards arising from the currently registered uses
of the pesticide; to determine the need for additional data on health and environmental effects; and
to determine whether the pesticide meets the “no unreasonable adverse effects” criteria of FIFRA. 

On August 3, 1996, the Food Quality Protection Act of 1996 (FQPA) was signed into
law.  This Act amends FIFRA to require tolerance reassessment of all existing tolerances.  The
Agency had decided that, for those chemicals that have tolerances and are undergoing
reregistration, the tolerance reassessment will be initiated through this reregistration process.  It
also requires that by 2006, EPA must review all tolerances in effect on the day before the date of
the enactment of the FQPA.  FQPA also amends the FFDCA to require a safety finding in
tolerance reassessment based on factors including an assessment of cumulative effects of
chemicals with a common mechanism of toxicity.  Chlorpyrifos belongs to a group of pesticides
called organophosphates, which share a common mechanism of toxicity--they all affect the
nervous system by inhibiting cholinesterase.  Although FQPA significantly affects the Agency’s
reregistration process, it does not amend any of the existing reregistration deadlines.  Therefore,
the Agency is continuing its reregistration program while it resolves the remaining issues
associated with the implementation of  FQPA. 
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This document presents the Agency’s revised human health and ecological risk
assessments; its progress toward tolerance reassessment; and the interim decision on the
reregistration eligibility of chlorpyrifos.  It is intended to be only the first phase in the
reregistration process for chlorpyrifos.  The Agency will eventually proceed with its assessment of
the cumulative risk of the OP pesticides and issue a final reregistration eligibility decision for
chlorpyrifos.

 The implementation of FQPA has required the Agency to revisit some of its existing
policies relating to the determination and regulation of dietary risk, and has also raised a number
of new issues for which policies need to be created.  These issues were refined and developed
through collaboration between the Agency and the Tolerance Reassessment Advisory Committee
(TRAC), which was composed of representatives from industry, environmental groups, and other
interested parties.  The TRAC identified the following science policy issues it believed were key
to the implementation of FQPA and tolerance reassessment:

C Applying the FQPA 10-Fold Safety Factor
C Whether and How to Use "Monte Carlo" Analyses in Dietary Exposure Assessments 
C How to Interpret "No Detectable Residues" in Dietary Exposure Assessments
C Refining Dietary (Food) Exposure Estimates
C Refining Dietary (Drinking Water) Exposure Estimates
C Assessing Residential Exposure
C Aggregating Exposure from all Non-Occupational Sources
C How to Conduct a Cumulative Risk Assessment for Organophosphate or Other Pesticides

with a Common Mechanism of Toxicity
C Selection of Appropriate Toxicity Endpoints for Risk Assessments of Organophosphates
C Whether and How to Use Data Derived from Human Studies

The process developed by the TRAC calls for EPA to provide one or more documents for
public comment on each of the policy issues described above.  Each of these issues is evolving and
in a different stage of refinement.  Some issue papers have already been published for comment in
the Federal Register and others will be published shortly. 

In addition to the policy issues that resulted from the TRAC process, the Agency issued,
on September 29, 2000, a Pesticide Registration Notice (PR 2000-9, Worker Risk Mitigation for
Organophosphate Pesticides, hereafter refered to as the Worker PR Notice) that presents EPA’s
approach for managing risks from organophosphate pesticides to occupational users.  The Worker
PR Notice describes the Agency’s baseline approach to managing risks to handlers and workers
who may be exposed to organophosphate pesticides, and the Agency expects that other types of
chemicals will be handled similarly.  Generally, basic protective measures such as closed mixing
and loading systems, enclosed cab equipment, or protective clothing, as well as increased reentry
intervals will be necessary for most uses where current risk assessments indicate a risk and such
protective measures are feasible.  The policy also states that the Agency will assess each pesticide
individually, and based upon the risk assessment, determine the need for specific measures tailored
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to the potential risks of the chemical.  The measures included in this interim RED are consistent
with the Worker PR Notice.

This document consists of six sections.  Section I contains the regulatory framework for
reregistration/tolerance reassessment as well as descriptions of the process developed by TRAC
for public comment on science policy issues for the organophosphate pesticides and the Worker
PR notice.  Section II provides a profile of the use and usage of the chemical.  Section III gives an
overview of the revised human health and environmental effects risk assessments resulting from
public comments and other information.  Section IV presents the Agency's interim decision on
reregistration eligibility and risk management decisions.  Section V summarizes the label changes
necessary to implement the risk mitigation measures outlined in Section IV.  Section VI provides
information on how to access related documents.  Finally, the Appendices include Data Call-In
(DCI) information.  The revised risk assessments and related addenda are not included in this
document, but are available on the Agency's web page www.epa.gov/pesticides/op, and in the
public docket.

II. Chemical Overview

A. Regulatory History

 Chlorpyrifos,  [0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl)-phosphorothioate], is a broad-
spectrum, chlorinated organophosphate insecticide, acaricide and nematicide that was first
registered in 1965 to control foliage- and soil-borne insect pests on a variety of food and feed
crops.  Chlorpyrifos' most common trade names are Dursban®, Empire 20®, Equity®, and
Whitmire PT 270®.  Lorsban® is a trade name for agricultural-use products.  It is one of the
most widely used organophosphate insecticides in the U.S., and until recently was one of the
major insecticides used in residential settings.  During the years 1987 to 1998, approximately 21
to 24 million pounds were used annually in the U.S., of which approximately 11 million pounds
were applied in non-agricultural settings.  There are currently approximately 420 registered
products containing chlorpyrifos on the market.  Registered uses included:  a variety of food
crops (i.e., there are approximately 112 tolerances for food/feed commodities); golf courses; non-
residential sites such as industrial plants and vehicles; non-structural wood treatments such as
utility poles, fence posts, and processed wood products; and public health uses (to control
mosquitoes and fire ants) and impregnated in ear tags for cattle.  Chlorpyrifos is also registered
for structural pest control for termites; however, this use is being phased out and will be
prohibited effective December 31, 2005, unless acceptable data demonstrate that exposures from
this use are not of concern.

In January, 1997, the technical registrants entered into an agreement with the Agency to
reduce indoor exposures to chlorpyrifos, especially to children and other sensitive groups.  Indoor
broadcast treatments, indoor total release aerosols/foggers, direct application to pets via
shampoos, dips and sprays, and paint additives were eliminated.  
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In June 2000, the technical registrants entered into an agreement with the Agency to
eliminate and phase out nearly all uses that result in residential exposures.  The only exceptions
are containerized baits and public health uses such as mosquito and fire ant control, which do not
pose risks of concern and provide important public health benefits.  The agreement phased in the
various restrictions and cancellations to address higher risk uses of chlorpyrifos first.  Because
much of the risk reduction involves increasing margins of safety, the agreement focused first on
mitigation that achieved the greatest risk reduction for children.  Allowing uses with lower risks
to continue for a specific period of time will help ensure that appropriate alternatives are available
for a reasonable and orderly transition.  The provisions of the agreement are summarized in Table
1 below.  This document does not present the risks for those uses that will be phased out and/or
have been canceled.  Discussion of the risks associated with these uses can be found in the Human
Health Risk Assessment, June 8, 2000, which is located in the public docket and on the internet at
www.epa/gov/pesticides/op.

Table 1.  Provisions of the June 2000 Memorandum of Agreement

Food Uses

Crop Mitigation Measures Effective Dates

Apples Production of chlorpyrifos products labeled for
post-bloom application is prohibited (only
production for pre-bloom, dormant application is
allowed)

Post-bloom use is prohibited 

August - September 2000

Stop use (use prohibited) as of 12-
31-00

Tomatoes Production of products for tomato use is
prohibited

August - September 2000

Stop use as of 12-31-00

All Agricultural
Uses

Classify new end-use products for restricted use or
package in large containers

New end-use products must bear revised
Restricted Entry Intervals (REIs) 

As of 12-1-00

As of 12-1-00

Home Uses

Home lawn and most other
outdoor uses

Classify new end-use products for restricted use or
package in large containers (except baits in child
resistant packaging)

Use will be canceled 

As of 12-1-00

Stop formulation 12-1-00
Formulators stop sale 2-1-01
Retailers stop sale 12-31-01
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Crack and crevice and most
other indoor uses 

Classify new end-use products for restricted use or
package in large containers

Use will be canceled 

As of 12-1-00

Stop formulation 12-1-00
Formulators stop sale 2-1-01
Retailers stop sale 12-31-01

Termiticides

‘  Full barrier (whole
house) post-construction use 

‘  Spot and local 
post-construction use 

‘  Pre-construction use 

Classify new products for restricted use or package in
large containers 

Limit use to 0.5% solution

Use will be canceled 

Use will be canceled 

Use will be canceled unless acceptable exposure data
show that risks are not of concern

As of 12-1-00

In label directions as of 
12-1-00

Stop formulation 12-1-00
Formulators stop sale 2-1-01
Retailers stop sale 12-31-01

Stop formulation 12-1-00 unless
label has stop use date of 12-31-
02

Stop production 12-31-04
Stop use 12-31-05 

Non-Residential Uses

Indoor areas where children
could be exposed (such as
schools)

Uses will be canceled Stop formulation 12-1-00
Formulators stop sale 2-1-01
Retailers stop sale 12-31-01

Outdoor areas where
children could be exposed
(such as parks)

Uses will be canceled Stop formulation 12-1-00
Formulators stop sale 2-1-01
Retailers stop sale 12-31-01

Non-Agricultural Uses that Will Remain

Residential use of containerized baits Already in child resistant packaging (Use allowed to continue)

Indoor areas where children will not be
exposed, including only ship holds,
railroad boxcars, industrial plants,
manufacturing plants, or food processing
plants

New end-use product labels must
reflect only these uses as of  12-
1-00 
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Outdoor areas where children will not be
exposed, including only: 

‘  Golf courses

‘  Road medians

‘  Industrial plant sites

‘  Non-structural wood treatments
including fenceposts, utility poles, railroad
ties, landscape timbers, logs, pallets,
wooden containers, poles, posts, and
processed wood products 

Public health uses: 

‘  Fire ant mounds
(drench and granular treatment) 

‘  Mosquito control

Reduce application rate from 
4 lbs/acre to 1 lb/acre 

Reduce maximum application rate to 1
lb ai/acre 

Reduce maximum application rate to 1
lb ai/acre 

(Continue at current rate)

For professional use only 

For professional use only 

New end-use product labels must
reflect only these uses as of  12-
1-00 

B. Chemical Identification

!     Common name: Chlorpyrifos

!     Chemical name: [0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl-
phosphorothioate]

!     Chemical family: Organophosphate

!     Case number: 0100

!     CAS registry number: 2921-88-2

!     OPP chemical code: 059101
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!     Empirical formula: C9H11Cl3NO3PS

!     Molecular weight: 350.6

!     Trade and other names: Dursban®, Lorsban®, Empire 20®, Equity®,
Whitmire PT270®

!     Basic manufacturer: Dow AgroSciences

Technical chlorpyrifos is a white crystalline solid with a melting point of 41.5-42.5°C. 
Chlorpyrifos is stable in neutral and acidic aqueous solutions; however, stability decreases with
increasing pH.  Chlorpyrifos is practically insoluble in water, but is soluble in most organic
solvents (i.e. acetone, xylene and methylene chloride).  Chlorpyrifos is not particularly volatile
based on its low vapor pressure of 1.87x10-5mm Hg at 20°C (Merck Index, 11th Edition).  Its
maximum attainable vapor concentration is 25 ppb at 25°C.

C. Use Profile

The following information is based on the currently registered uses of chlorpyrifos.

! Type of Pesticide: Insecticide, acaricide and nematicide

! Summary of Use Sites:

Food/Feed: Registered for use on the following crops/sites:
cranberries, strawberries, citrus, apples, figs, pears,
nectarines, cherries, peaches, plums, grapes,
almonds, pecans, walnuts, nut trees, onions,
peppers, kale, broccoli, Brussels sprouts, cabbage,
cauliflower, collards, cucurbits, asparagus,
roots/tubers, corn, lentils, beans, peas, sorghum,
tobacco, wheat, alfalfa, peanuts, soybeans,
sunflower, cotton, sugar beets, mint, bananas,
pasture 

Other agricultural sites: Cattle ear tags, woodland

Residential:  Structural treament for termites, containerized baits

Public Health: Fire ant mounds, mosquito adulticides

Other Nonfood: Golf courses, shipholds, boxcars, industrial plants,
processed wood products
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! Target Pests: A wide variety of insects and related organisms, and root-knot
nematodes

! Formulation Types Registered:  Formulated as a liquid emulsifiable concentrate,
granular, wettable powder, dry flowable, pressurized liquid, dust, ready-to-use
solution, microencapsulated material, pellets/tablets, soluble concentrate and
impregnated materials (eartags).

! Method and Rates of Application:

Equipment: Applied by aerial, chemigation, groundboom, tractor-drawn
granular spreader, airblast sprayer, low and high pressure hand
wands, hydraulic hand-held sprayer, shaker can, bulbous duster,
belly grinder, push-type spreader, large tank sprayer, compressed
air sprayer, hose-end sprayer, aerosol sprayer, hand, and eartags.

Method: Foliar, bark, seed and soil-incorporated band or broadcast
treatments

Rates: Maximum application rates range from 0.5 lb/ai/A to 8 lb/ai/A.  The
maximum number of applications per year range from 1 to 3.  Up to
4 applications are permissible in some citrus growing areas (grove
floor treatment).

Timing: Dormant, delayed dormant, preplant, at-planting, transplanting,
postplant, post-transplant, preemergence and postemergence.

! Use Classification: Any emulsifiable concentrate (EC) end-use product
formulated from chlorpyrifos must be labeled as a restricted
use product.  All other end-use products (other than
containerized baits in child-resistant packaging) must either
be labeled as restricted use or packaged in containers no
smaller than 15 gallons of a liquid formulation or 25 pounds
of a dry formulation.

D. Estimated Usage of Pesticide

This section summarizes the best estimates available for many of the pesticide uses of
chlorpyrifos, based on available pesticide usage information for 1987-1998.  Approximately 21
million pounds a.i. of chlorpyrifos were used annually, according to Agency and registrant
estimates.  As a result of the June 7, 2000 MOA, which eliminated residential uses and phased out
the termite uses, approximately 10 million pounds of chlorpyrifos will be phased out of the market
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place.  Table 2 provides usage estimates for selected use sites.  A full list of all uses of
chlorpyrifos, with the corresponding use and usage data for each site, has been completed and is
in the “Quantitative Use Analysis,” March 30, 2000, which is available in the public docket and on
the internet.  The data, reported on an aggregate and site (crop) basis, reflect annual fluctuations
in use patterns as well as the variability in using data from various information sources.  These
estimates do not reflect reductions in use from mitigation that has been implemented as a result of
the Memorandum of Agreement.

Table 2.  Chlorpyrifos Estimated Usage for Representative Sites

Crop

Lbs. Active
Ingredient

Applied (Wt.
Avg.)1

Percent Crop
Treated
(Likely

Maximum)

Percent Crop
Treated (Wt.

Avg.)

Cranberries 26,000 60 47

Oranges 460,000 19 14

    Oranges, Fresh 350,000 54 41

    Oranges, Processed 110,000 10 7

Apples 550,000 53 44

Pecans 240,000 36 20

Walnuts 197,000 39 30

Sweet Corn 120,000 13 11

    Sweet Corn, Fresh 74,000 22 18

    Sweet Corn, Processed 46,000 9 7

Corn 5,527,000 8 7

Broccoli 73,000 51 41

Brussels Sprouts 9,000 91 73

Cauliflower 27,000 36 31

Tobacco 146,000 14 11

Wheat, Winter 170,000 1 1

Alfalfa 480,000 3 3

Peanuts 316,000 15 10

Cotton 670,000 6 5

Sugar Beets 169,000 10 8
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Lbs. Active
Ingredient

Applied (Wt.
Avg.)1

Percent Crop
Treated
(Likely

Maximum)

Percent Crop
Treated (Wt.

Avg.)
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Nursery/Greenhouse 277,000 – –

PCOs, Termite Control2 5,003,000 – –

PCOs, Other (Roaches, Ants,
Fleas, etc.)2

1,946,000 – –

Mosquito Abatement Districts 29,000 – –

Turf3, 4 2,519,000 – –

Households, Outdoor4 1,112,000 – –

1 Weighted average is based on data for 1987-1998; the most recent years and more reliable data are weighted more
heavily.
2 Mitigation implemented in June 2000 included phase-out or cancellation of products for this use.
3 Includes golf courses, turf farms, institutional turf, lawncare control operators, and landscape contractors.  
4  Products registered for residential use were cancelled effective December 31, 2000.

III. Summary of Chlorpyrifos Risk Assessment

Following is a summary of EPA’s revised human health and ecological risk findings and
conclusions for the organophosphate pesticide chlorpyrifos, as fully presented in the documents,
Human Health Risk Assessment for Chlorpyrifos, June 8, 2000, and Fate and Environmental
Risk Assessment, dated June 2000, and addenda thereto.  The purpose of this summary is to assist
the reader by identifying the key features and findings of these risk assessments, and to better
understand the conclusions reached in the assessments.

These risk assessments for chlorpyrifos were presented at a Technical Briefing on June 8,
2000, which was followed by an opportunity for public comment on risk management for this
pesticide.  The risk assessments presented here form the basis of the Agency’s risk management
decision for chlorpyrifos only; the Agency must consider cumulative risks of all the
organophosphate pesticides before any final decisions can be made.

A. Human Health Risk Assessment

EPA issued its preliminary risk assessments for chlorpyrifos in Phase 3 of the public
participation process on October 18, 1999.  In response to comments and new studies submitted
during Phase 3, and mitigation measures agreed to by the technical registrants to address risks
identified in the preliminary assessments, the risk assessments were updated and refined.  The
major revision to the human health risk assessment was the reassessment of acute dietary risks to
reflect the cancellation of the tomato use and reduction of the grape and apple tolerances to 0.01
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ppm; inclusion of new data from the Agricultural Reentry Task Force (ARTF); and preliminary
consideration of a new acute study with human subjects and a new oral dog study with peripheral
nervous system measurements.

1. Dietary Risk from Food

a. Toxicity

The Agency has reviewed all toxicity studies submitted and has determined that the
toxicity database is complete, and that it supports an interim reregistration eligibility
determination.  A brief overview of the studies used for the dietary risk assessment is outlined in
Table 3 in this document.  Further details on the toxicity of chlorpyrifos can be found in the
Human Health Risk Assessment for Chlorpyrifos, June 8, 2000.
 

Table 3.  Summary of Doses and Endpoints Selected 
for Chlorpyrifos Dietary Risk Assessment

Exposure
Scenario

NOAEL
Dose

(mg/kg/day)
Endpoint Study

Acute 
Dietary

NOAEL=0.5

UF = 100

FQPA = 10 
(infants, children and

females 13-50)

Significant (28-40%) plasma
cholinesterase inhibition at peak time
of inhibition (3-6 hours post
exposure) at 1 mg/kg/day (Mendrala
and Brzak 1998).

Significant 30% RBC ChE inhibition
4 hours post exposure at the LOAEL
of 1.5 mg/kg/day (Zheng et al. 2000).

Acute Blood Time Course Study in
male rats (Mendrala and Brzak
1998) with support from Zheng et
al. (2000)

Acute RfD =0.005 mg/kg/day
Acute PAD (children and females 13-50) = 0.0005 or 5x10-4 mg/kg/day 

Acute PAD (general population) = 0.005 or 5x10-3 mg/kg/day

Chronic
Dietary

NOAEL= 0.03

UF= 100

FQPA = 10
 (infants, children and

females 13-50)

Significant plasma and RBC
cholinesterase inhibition at the
LOAEL of 0.22 to 0.3 mg/kg/day 

Weight of Evidence from 5 studies:
2 year dog 
90 day dog
2 year rat
90 day rat

developmental neurotoxicity (DNT)
rat study (at 2 weeks)

Chronic RfD =0.0003 mg/kg/day
Chronic PAD (children and females 13-50)  = 0.00003  or 3x10-5 mg/kg/day

Chronic PAD (general population)  = 0.0003  or 3x10-4 mg/kg/day

NOAEL = No Observed Adverse Effect Level
RBC = red blood cell
UF = Uncertainty Factor
PAD = Population Adjusted Dose  (includes UF and FQPA safety factor)
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The Agency has evaluated the potential impact on the acute dietary risk assessment
following the submission of an acute (single oral dose) toxicity study with chlorpyrifos in humans. 
The following observations can be made on the potential impact of these data on the chlorpyrifos
risk assessment.  Because the study is a single oral dose, it could be used in a weight-of-evidence
approach to inform the selection of the inter-species uncertainty factor for acute dietary risk
assessment.  The Agency’s evaluation did not include an independent review of the ethical
standards under which this study was conducted.  The acute human study could be compared to
existing acute animal data to determine if the full ten-fold inter-species uncertainty factor is
needed to account for variation between species in the acute dietary assessment.  However,
because of its limited duration, this study would not be adequate for use in short-term or
intermediate-term risk assessments, such as those used to estimate worker risk from chlorpyrifos
use, nor would it be appropriate for the chronic dietary assessment.

The Agency has concluded that the primary metabolite of chlorpyrifos, 3,5,6-trichloro-2-
pyridinol (TCP), does not induce cholinesterase inhibition, and exhibits effects only at doses high
than those producing ChEI with chlorpyrifos, and therefore is less toxic than chlorpyrifos (58 FR
19354, April 14, 1993).  The primary toxicological effect after subchronic and chronic exposure
to TCP was alterations in liver enzymes seen at 30 mg/kg/day and increases in liver and kidney
weights at 100 mg/kg/day.  Because of the potential exposure to TCP in food and residential
settings, and evidence of increased susceptibility of rabbit fetuses relative to dams, a screening-
level dietary risk assessment for TCP resulting from chlorpyrifos, chlorpyrifos-methyl and
trichlorpyr was conducted.  That assessment indicated that the percentage of the acute PAD
occupied for females 13+ years old (the population subgroup of concern for acute toxicity effects)
was 2.4%.  The percentage of the chronic PAD occupied ranged from 0.3% for the general U.S.
population  to 0.7% for children 1-6 years old.  Upper-bound estimated environmental
concentrations of TCP exceeded chronic DWLOCs for children.  However, the Agency believes
that actual concentrations are probably considerably lower than modeled values primarily because
the acres treated with chlorpyrifos in any watershed is expected to be much lower than 100%
assumed in the modeling.  Uncertainties with surface and groundwater modeling are discussed
more fully in the Summary of Risks to Nontarget Organisms later in this document.  More
detailed information on TCP and the screening assessment can be found in the “Preliminary Risk
Assessment for Trichloropyridinol (TCP) Metabolite,” June 5, 2000, which is available in the
public docket and on the internet at www.epa.gov/pesticides/op.

b. FQPA Safety Factor

The FQPA 10X Safety Factor has been retained due to increased susceptibility and
sensitivity to chlorpyrifos among neonates when compared with adults, and for the qualitative
increased susceptibility occuring at the high dose in the developmental neurotoxicity (DNT) study
(cholinesterase inhibition in dams versus structural effects on developing brain of the offspring). 
In addition, recent data in the literature suggest that the inhibition of cholinesterase may not be
essential for adverse effects on brain development.  Further uncertainty arises from the lack of an
offspring No Observed Adverse Effect Level (NOAEL) in the DNT.  In that study, structural
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alterations in brain development were the toxicity endpoint of concern and were seen at the
lowest dose tested.

The FQPA Safety Factor is applicable to females 13-50 as well as infants and children, for
all exposure durations.  The FQPA Safety Factor is applicable to the following assessments:

• Acute Dietary Assessment - The FQPA safety factor is applicable to the Females 13-50 and
Infants and Children population subgroups for the acute dietary assessment because adverse
effects could result from a single exposure to chlorpyrifos (as demonstrated in several open
literature studies including Zheng et al.).

• Chronic Dietary Assessment - The FQPA safety factor is applicable to the Females 13-50 and
Infants and Children population subgroups due to the concern that potential adverse effects
could result from repeated exposure to chlorpyrifos (as demonstrated, for example, in the
developmental neurotoxicity study in rats).

• Residential and Other Non-Occupational Exposure Assessment - The FQPA safety factor is
applicable for Females 13-50 and the Infants and Children population subgroups for all
exposure durations due to the adverse effects resulting from single and repeated exposure(s)
to this organophosphate insecticide in and around residential (non-occupational) settings.

c. Population Adjusted Dose (PAD)

The Population Adjusted Dose, or PAD, is a term that characterizes the dietary risk of a
chemical, and reflects the Reference Dose (RfD), either acute or chronic, that has been adjusted to
account for the FQPA safety factor (i.e., RfD/FQPA safety factor).  A risk estimate that is less
than 100% of the acute or chronic PAD does not exceed the Agency’s risk concern.  

d. Exposure Assumptions

Chlorpyrifos is registered for use on a wide variety of food crops, and has approximately
112 tolerances for food and/or feed commodities (which translates to approximately 700 food
forms in the dietary analysis).  Food uses evaluated in this analysis were those reflected by the
established tolerances in/on raw agricultural, animal, and processed food/feed commodities for
chlorpyrifos as listed in 40 CFR §180.342.  Food handling establishment (FHE) tolerances were
also included as cited in 40 CFR §180.342(a)(4) for the chronic dietary analysis (i.e., as a result of
the registered use in FHE, all foods have an established tolerance of 0.1 ppm, unless they are
covered by higher tolerances).  The established tolerances in/on raw agricultural, animal, and
processed food/feed commodities are expressed either in terms of the combined residues of
chlorpyrifos and its metabolite TCP or as chlorpyrifos per se.  The Agency has determined that
residues of TCP are not of concern for the chlorpyrifos dietary assessment, and concluded that it
can therefore be excluded from the tolerance expression.  Proposed tolerances are supported by
available residue chemistry data and are expressed in terms of chlorpyrifos per se.  Thus, for
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purposes of this analysis, only residues of chlorpyrifos per se were considered, when data were
available.  Whenever possible, data for anticipated residues (ARs) reflect levels of chlorpyrifos per
se. 

Highly refined acute and chronic dietary risk analyses for chlorpyrifos were conducted
with the Dietary Exposure Evaluation Model (DEEM™).  DEEM incorporates consumption data
generated in USDA’s Continuing Surveys of Food Intakes by Individuals (CSFII), 1989-91.  For
chlorpyrifos, inputs to the DEEM analysis also include DAS's National Food Survey (NFS, 1993-
1994),  U.S. Department of Agriculture's Pesticide Data Program (PDP) monitoring data (1994-
1999), the Food and Drug Administration (FDA) Surveillance Monitoring Program data (1992-
1998), and field trial residue data.  Percent crop treated data were supplied by EPA’s Biological
and Economic Analysis Division (see Quantitative Usage Analysis for Chlorpyrifos, March 30,
2000, available in the public docket).  Where percent crop treated estimates indicated no
chlorpyrifos use, a default assumption of 1% crop treated was applied.  In general, when residues
on commodities were nondetectable, one-half the limit of detection (LOD) was assumed.  All
available processing and cooking factors were incorporated into the dietary exposure analysis.    

For chronic dietary risk assessments, the three-day average of the consumption data for
each subpopulation is combined with average residues in commodities to determine the average
exposure in mg/kg/day.  For acute dietary risk assessment, the entire distribution of single day
food consumption events is combined with a distribution of residues (probabilistic analysis,
referred to as "Monte Carlo") to obtain a distribution of exposures in mg/kg/day.

e. Food Risk Characterization

Generally, a dietary risk estimate that is less than 100% of the acute or chronic PAD does
not exceed the Agency’s risk concerns.  A summary of acute dietary risk estimates is shown in
Table 4.  Based on use patterns before the June 2000 mitigation agreement, the chlorpyrifos acute
dietary risk from food at the 99.9th percentile for the most highly exposed subpopulation, children
1-6 years old, was 355% of the aPAD. 

Commodities that contribute the most to that risk estimate are apples (residues resulting
from post-bloom uses), grapes (residues primarily on imported crops) and fresh tomatoes
(residues primarily on imported crops).  Measures agreed to in the June 2000 agreement
addressed these risks by canceling use on tomatoes and revoking the associated tolerance;
restricting use on apples to pre-bloom (dormant) applications and reducing the tolerance to 0.01
ppm to reflect this new use pattern; and reducing the tolerance on grapes to 0.01 ppm to reflect
the domestic dormant use pattern.  The revocation/reductions in tolerances are expected in the
near future.

With these measures in place, at the 99.9th percentile, the dietary risk from food alone is
below 100% of the aPAD for all population subgroups, including the most sensitive population
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subgroup, children 1-6 years old, with 82% of the aPAD occupied.  Thus acute dietary risks from
food alone are not of concern.

Table 4.  Acute Dietary (Food Only) Risk Estimates for 
Chlorpyrifos as Percent of aPAD

Subpopulation
Pre-Mitigation1

99.9th Percentile
Post-Mitigation2

99.9th Percentile

U.S. population 16% 4.1%

All infants 130% 50%

Children 1-6 355% 82%

Children 7-12 270% 62%

Females 13+ , nursing 130% 39%
1Pre-mitigation refers to uses/use patterns in effect prior to the June 2000 mitigation agreement.
2Post-mitigation reflects changes in use/use patterns for tomatoes, apples and grapes as set forth in the
June 2000 mitigation agreement.

The chronic dietary risk from food alone is not of concern, as shown in Table 5.  Input
values included PDP, FDA and Dow AgroSciences' (DAS')1993 National Food Survey (NFS) (a
market basket survey), average residues from field trials, and percent crop treated data compiled
by the Agency.  Exposure estimates were below 100% of the cPAD for the most highly exposed
subgroup, children 1-6 years old.  With mitigation measures for apples, tomatoes and grapes in
place per the June 2000 agreement and assuming use in food handling establishments, exposure
for children 1-6 years old, the highest exposure subgroup, occupies 51% of the cPAD, and thus is
not of concern.

Table 5.  Chronic Dietary (Food Only) Risk Estimates for 
Chlorpyrifos as Percent of cPAD

Subpopulation
Pre-Mitigation1

99.9th Percentile
Post-Mitigation2

99.9th Percentile

U.S. population 4% 2.5%

All infants 45% 33%

Children 1-6 81% 51%

Children 7-12 59% 36%

Females 13+ , nursing 30% 20%
1Pre-mitigation refers to uses/use patterns in effect prior to the June 2000 mitigation agreement.
2Post-mitigation reflects changes in use/use patterns for tomatoes, apples and grapes as set forth in the
June 2000 mitigation agreement.
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These assessments are the most refined estimates of risk from exposure to chlorpyrifos
through food, although some uncertainties exist.  PDP data indicate that chlorpyrifos residues
were detected in several commodities for which tolerances do not exist, specifically spinach,
carrots, squash, lettuce, potatoes and celery.  These residues were not included in the Agency’s
risk estimates because they represent misuse of chlorpyrifos.  However, additional assessments
were conducted using spinach, carrots and squash, the commodities most frequently fed to
children.  These assessments were not significantly different from the mitigated acute or chronic
dietary assessments and thus are not of concern.

A tolerance also does not exist for chlorpyrifos in freshwater fish.  In a screening level
assessment of the health risks to individuals who consume freshwater fish conducted by the EPA
Office of Water in 1992, residues of chlorpyrifos were detected in fish from 26% of 388 sample
collection sites.  These data suggest that consumption of freshwater fish could contribute to the
dietary exposures and risks from chlorpyrifos for sports fishermen and subsistence populations. 
Risk estimates could be of concern for an individual who consumed the maximum detected
residue level daily for 70 years at a rate of 170 g/day; however, the Agency considers this
unlikely.  Subsistence populations are not expected to have exposures or risk that exceed the
Agency’s level of concern following chronic ingestion of fish fillets containing the mean detected
residue level.  For a more detailed discussion of risks from freshwater fish consumption, please
refer to the Human Health Risk Assessment for Chlorpyrifos, June 8, 2000.

2. Dietary Risk from Drinking Water

Drinking water exposure to pesticides can occur through ground water and surface water
contamination.  EPA considers both acute (one day) and chronic (lifetime) drinking water risks
and uses either modeling or actual monitoring data, if available, to estimate those risks.   For
chlorpyrifos, ground and surface water monitoring data were used as well as conservative Tier 1
and Tier 2 modeling.  Modeling is considered to be an unrefined assessment and can provide a
high-end estimate of risk. 

The GENEEC and PRZM-EXAMS models were used to estimate surface water
concentrations, and SCI-GROW was used to estimate groundwater concentrations.  All of these
are considered to be screening models, with the PRZM-EXAMS model being somewhat more
refined than the other two.  

The available environmental fate data suggest that chlorpyrifos has a low potential to leach
to groundwater in measurable quantities from most typical agricultural uses, except following
termiticide use.  Chlorpyrifos is persistent in concentrated applications used in termiticide
treatments.  The available data indicate that the primary metabolite of chlorpyrifos, TCP is more
mobile and significantly more persistent in many soils, especially under anaerobic conditions.  A
screening-level dietary risk assessment for TCP indicated that drinking water exposure following
termiticide use may pose risks of concern to children.  Generic risk mitigation action for
termiticides has been implemented.   The technical registrants agreed in June 2000 to a suite of
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mitigation measures for the termiticide products that will reduce the potential for exposure from
this use.  By December 31, 2000, the application rate was reduced to a 0.5% solution, and use
was restricted to professional applicators.  After December 31, 2001, whole house (post-
construction) treatment will not be allowed.  The preconstruction termiticide use will be
eliminated by December 31, 2005, unless the registrants submit acceptable exposure data that
demonstrate that risks are not of concern.

a. Surface Water

The Agency examined data of over 3000 samples from 20 of the U.S. Geological Survey’s
National Water Quality Assessment (NAWQA) Program study units for flowing surface water
collected from rivers and streams.  Chlorpyrifos was detected in 15% of 1530 agricultural
streams, 26% of 604 urban stream samples in 1997 and in 65% of 57 urban stream samples from
Georgia, Alabama and Florida in 1994.  The maximum reported dissolved chlorpyrifos
concentration in surface water was 0.4 ppb, with the majority of detections below 0.1 ppb. 
Although the data represent a large part of the U.S., they may not represent the most vulnerable
watersheds where chlorpyrifos use is pervasive.  A limited number of watersheds in the U.S. may
have chlorpyrifos concentrations greater than 0.4 ppb due to higher usage rates or greater
pesticide runoff.  In particular, acute exposure levels could be higher for streams draining
watersheds with more intense chlorpyrifos use or for lakes and reservoirs for which there are little
data.  

For comparison, the Agency developed screening-level model estimates of chlorpyrifos
concentrations in surface water such as lakes and reservoirs using Tier I GENEEC and Tier II
PRZM/EXAMS.  Inputs to the models included high exposure agricultural scenarios for major
crops (alfalfa, corn, citrus, and tobacco) at the maximum application rates.  Estimated 90-day
average and peak concentrations of chlorpyrifos in surface water using the PRZM/EXAMS
screening model were 6.7 ppb and 40.6 ppb, respectively.  The modeled estimates represent a
pond draining an adjacent 100% treated field.  These estimates should be highly conservative for
most surface waters and all drinking water because it is unlikely that 100% of a watershed
constituting a major drinking water source would be treated with chlorpyrifos in a given year. 

 After comparison of the NAWQA monitoring data and modeled estimates, an upper-
bound range of concentrations was selected from the NAWQA study to assess acute and chronic
risks associated with non-termiticide uses for surface water.  For the acute assessment, a range of
0.026 to 0.4 ppb was used.  The 0.026 ppb represents the 95th percentile chlorpyrifos
concentration, while the 0.4 ppb concentration is the maximum detected concentration from
streams and rivers.  Estimated environmental concentrations (EECs) used in the assessments are
shown in Table 6. 
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Table 6.  Surface and Groundwater EECs for Chlorpyrifos

Drinking Water Source
Estimated Environmental Concentration

(ppb)

Acute Chronic

Groundwater 0.007 to 0.103 (a) 

Surface water 0.026 to 0.4 (b) 0.026 (c)
(a) Concentrations predicted by screening-level model SCI-GROW.  The value is

considered an upper bound concentration estimate.
(b) Based on the 95th percentile and maximum detected concentrations from

surface water monitoring data.
(c) Based on the 95th percentile surface water concentration from monitoring data

To assess chronic risks, 0.026 ppb was used.  As indicated above, 0.026 ppb represents
the 95th percentile concentration from the NAWQA study.  Although PRZM/EXAMS predicted a
peak concentration of 40.6 ppb for lakes and reservoirs, this estimate was not used to assess
chronic risks for the following reasons:  1) multi-month or annual mean concentrations in a
reservoir are expected to be less than the maximum reported concentrations in the flowing water
feeding the reservoir, which in this case is 0.4 ppb; therefore 40.6 ppb is unlikely to occur; and 2)
the monitoring data demonstrate that chronic concentrations of chlorpyrifos in surface water are
unlikely to exceed 0.1 ppb. 

b. Ground Water

The Agency examined data of over 3000 samples of filtered well monitoring samples from
the NAWQA database, and in the Agency’s Pesticides in Ground Water Data Base (PGWDB). 
The NAWQA data showed that chlorpyrifos was detected in groundwater in fewer than 1% of the
3000 wells sampled, with the majority of concentrations reported at <0.01 ppb, and occasional
detections at a maximum level of 0.026 ppb.  Although the available monitoring data represent a
large part of the U.S., it is not clear that they represent the most vulnerable groundwater where
chlorpyrifos is used most intensively.  The PGWDB reports a maximum detected concentration of
0.65 ppb.  

Chlorpyrifos concentrations in groundwater were also estimated using the screening-level
model SCI-GROW for four crops (corn, cotton, alfalfa and citrus).  SCI-GROW predicted
chlorpyrifos concentrations ranging from 0.007 ppb (typical application to alfalfa) to 0.103 ppb
(maximum multiple applications to sweet corn).  An analysis of both monitoring and modeling
data suggest that chlorpyrifos concentrations in 99% of potable water in the U.S. are unlikely to
exceed 0.1 ppb.  Based on these data, EECs ranging from 0.007 to 0.103 ppb were used to
evaluate both acute and chronic exposures for groundwater.  The NAWQA monitoring data
support that the SCI-GROW estimates are conservative.
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Chlorpyrifos use as a termiticide is significant, with a recent estimate of seven million
pounds ai applied annually, constituting about 30% of the total annual use.  Chlorpyrifos
groundwater exposure from termiticidal use occurs only in wells located within 100 feet of the
treatment area and when the well casing is cracked.  The maximum reported dissolved
concentration following termiticide use is 2090 ppb.  The current U.S. EPA Health Advisory for a
child is 30 ppb.  Therefore, acute concentrations are estimated at 30 to 2090 ppb.  Chronic
concentrations are presumably significantly lower but persisent at detectable levels for at least six
months.  Chronic concentrations following this use are estimated at 8.3 to 578 ppb.  These values
were derived by adjusting the acute concentrations for partial environmental degradation.

The Agency is concerned about exposure associated with termiticide use.  However,
because these exposures are isolated incidents and because termiticide use is being phased down
with immediate reduction in applied concentrations, these exposures were not included in the
dietary risk assessment.  The following points support this determination.  First, the technical
registrants state that this exposure only occurs in homes where the well is near or in the
foundation and the well casing is cracked.  The Agency has determined that because of changes
made to termiticide labels as a result of the Label Improvement Process for Termiticides (PR
Notice 96-7 for termiticides), potential exposure from incidents of this type has been reduced. 
For example, reported incidents associated with termiticide use were 28.2 per 100,000 homes in
1997 (before PR 96-7), and were 8.3 per 100,000 homes in 1998 (after PR 96-7).

Secondly, the technical registrants agreed in June 2000 to a suite of mitigation measures
for termiticide products that reduced the potential for exposures from this use.  By December 31,
2000, the application rate was reduced to a 0.5% solution, and use was restricted to professional
applicators.  After December 31, 2001, whole house (post-construction) treatment will not be
allowed. By December 31, 2005,  all residential termiticide use will be cancelled 

c. Drinking Water Levels of Comparison (DWLOCs)

To determine the maximum allowable contribution of water-containing pesticide residues
permitted in the diet, EPA first looks at how much of the overall allowable risk is contributed by
food (and if appropriate, residential uses), and then determines a “drinking water level of
comparison” (DWLOC) to determine whether modeled or monitored concentrations exceed this
level.  The Agency uses the DWLOC to estimate risk associated with exposure to pesticides in
drinking water.  The DWLOC is the maximum concentration in drinking water which, when
considered together with dietary exposure, does not exceed a level of concern. 

For acute risk, the potential drinking water exposure derived from either ground or
surface water is not of concern for any population subgroup.   Long-term exposure to
chlorpyrifos as a result of well contamination from termiticide use could result in exposures of
concern; however, these incidents are unlikely given ongoing mitigation.  In addition, the technical
registrants have agreed to reductions in use in the interim until all termiticide use is canceled. 
This is discussed in greater detail above and in Section IV of this document.
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Table 7 presents the calculations for the acute and chronic drinking water assessment. 
Details of this analysis are found in the Human Health Risk Assessment for Chlorpyrifos, June 8,
2000.

Table 7.  Drinking Water DWLOC and EEC Comparisons 
(Excluding Well Contamination)

Population Subgroup
DWLOCS (ppb)

Estimated Environmental Concentrations
(ppb)

Ground
Water

Surface Water

Acute Chronic Acute and
Chronic

Acute Chronic

U.S. Population 166 10

0.007-0.103 0.026-0.4 0.026
All Infants (<1 year) 2.4 0.2

Children (1-6 years) 0.9 0.15

Females (13-50 years) 9 0.72

3. Occupational and Residential Risk

a. Toxicity

All risk calculations in this assessment are based on the most current toxicity information
available for chlorpyrifos, including a 21-day dermal toxicity study.  The toxicological endpoints
and other factors used in the occupational and residential risk assessments for chlorpyrifos are
shown in Table 8.
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Table 8.  Toxicological Endpoints and Other Factors Used in the 
Occupational and Residential Risk Assessment for Chlorpyrifos

Exposure
Scenario

NOAEL
Dose

(mg/kg/day) Endpoint Study

Target MOE
for Occupa-

tional

Target MOE for
Residential/Homeowner

Exposures

Dermal

Short-Term 
1-30 days

Dermal
NOAEL =5 

Absorbed
Dermal NOAEL = 0.15
(for biomonitoring) (a)

Plasma and RBC cholinesterase
inhibition of 45 and 16%, respectively at
LOAEL of 10 mg/kg/day after 4 days.
(Dermal absorption factor not necessary)

21-day dermal rat study 100 1000 (infants, children and
females 13-50) 

100 (all other
subpopulations)

Dermal 

Intermediate-
Term

 (1–6 months)

Long-Term
(>6 months)

Oral
NOAEL = 0.03 

(3% dermal absorption)

Plasma and RBC cholinesterase
inhibition at LOAEL of 0.22 to 0.3
mg/kg/day

Weight of Evidence from 5
studies: 2 year dog , 90 day
dog, 2 year rat, 90 day rat,
DNT study (at 2 weeks)

100 1000 (infants, children and
females 13-50) 

100 (all other
subpopulations)

Inhalation

Short-Term
(1-30 days)

 Intermediate-
Term

 (1–6 months)

Inhalation 
NOAEL = 0.1

Lack of effects in 2 rat inhalation studies
at the highest dose tested; 43% plasma
and 41% RBC cholinesterase inhibition
following oral doses of  0.3 mg/kg/day
for 2 weeks in the DNT study

Two 90 day rat inhalation
studies (NOAEL) and DNT

(LOAEL )

100 1000 (infants, children and
females 13-50)

100 (all other
subpopulations)



Exposure
Scenario

NOAEL
Dose

(mg/kg/day) Endpoint Study

Target MOE
for Occupa-

tional

Target MOE for
Residential/Homeowner

Exposures
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Inhalation

 Long-Term
(>6 months)

Oral
NOAEL=

0.03 
(assume inhalation

absorption is 100% of oral
absorption)

Significant plasma and RBC
cholinesterase inhibition at 0.22 to 0.3
mg/kg/day 

Weight of Evidence from 5
studies: 2 year dog, 90 day
dog, 2 year rat, 90 day rat, 

DNT (at 2 weeks) 

100 1000 (infants, children and
females 13-50) 

100 (all other
subpopulations)

NOAEL = No Observed Adverse Effect Level
RBC = red blood cell
UF = Uncertainty Factor
PAD = Population Adjusted Dose  (includes UF and FQPA safety factor)
(a) For comparison with absorbed biomonitoring data, use dermal NOAEL of 0.15 mg/kg/day * 0.03 dermal absorption factor
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The Agency is currently evaluating a 6-week dietary study in dogs designed to assess
cholinesterase inhibition (ChEI) in peripheral nervous system (PNS) tissues, such as the heart and
leg muscles, as well as measure cholinesterase activity in the blood and brain.  The study was
conducted by DAS in Michigan to address regulatory requirements in the United Kingdom. This
type of study is not required under current EPA guidelines, but the Agency has recommended
direct measurement of ChEI in the target peripheral nervous system tissues as a potential
alternative to measuring ChEI in the blood only.  Assuming it was conducted according to
appropriate scientific standards and found to be acceptable, the following observations can be
made on the potential impact of these data on the chlorpyrifos risk assessment.  Because the study
is a repeat dose over a 6 week period, it could be used in a weight-of-evidence approach to
inform the selection of short and intermediate term endpoints for the chlorpyrifos worker risk
assessment.  Taking into account the established dermal absorption rate of rate of 3%, this study
would yield MOEs 3-6 times greater than those currently shown in EPA’s assessment.   At a
minimum, if the data are reliable, they could increase the confidence that EPA’s current
assessment does not underestimate worker risk.    

The Agency uses the results of acute toxicity studies to determine early entry PPE and
other labeling requirements.  Acute toxicity values and categories for the technical grade of
chlorpyrifos are summarized in Table 9.  Chlorpyrifos is moderately toxic following acute oral,
dermal and inhalation exposures, and is classified in toxicity category II for all three routes of
exposure for rats.

Table 9.  Acute Toxicity Profile for Occupational Exposure for Chlorpyrifos

Study MRID Number Results 
Toxicity
Category

Acute Oral LD50 - rat 44209101 223 mg/kg  M&F II

Acute Dermal LD50 - rat 

Acute Dermal LD50 - rabbit

Accession No.
112115
44209102

202 mg/kg

>5000 mg/kg

II

IV

Acute Inhalation LC50 - rat
Supplementary

00146507 and
Accession No.
257590

LC50 > 0.2 mg/L (200
mg/m3) (nominal
concentration) 

II

Eye Irritation - rabbit 44209103 slight irritation resolved
within 24 hours

IV

Dermal Irritation - rabbit 44209104 mild irritant; (irritation
resolved within 7 days)

IV

Dermal Sensitization - guinea pig 44209105 non-sensitizing NA

Acute Delayed Neurotoxicity -
hens 

00097144 
00405106

not neurotoxic at 50, 100 or
110 mg/kg  

NA

NA = Not Applicable
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b. Occupational Exposure and Risk

1) Occupational Handler Exposure

Several chemical-specific handler exposure studies conducted and submitted by the
technical registrants measured the exposures to professional pesticide applicators during
application of chlorpyrifos products.  These data include biological monitoring of urinary TCP,
the primary metabolite of chlorpyrifos, and passive dosimetry data.  In the absence of chemical-
specific data, the Pesticide Handlers Exposure Database (PHED) Version 1.1 was used to assess
potential exposures resulting from handling and applying chlorpyrifos.  The exposure factors (e.g.,
body weight, amount treated per day, protection factors, etc.) are all standard values that are used
by the Agency, and the PHED unit exposure values are the best available estimates of exposure. 
Nevertheless, it should be noted that some aspects of the included studies (e.g., duration, acres
treated, pounds of active ingredient handled) may not accurately represent labeled uses in all
cases.  Further details on the data used for the assessments are discussed in the Human Health
Risk Assessment for Chlorpyrifos, June 8, 2000, which is available in the public docket and on the
internet at www.epa.gov/pesticides/op.

Anticipated use patterns and application methods, range of application rates, and daily
amount treated were derived from current labeling and other available information.  Application
rates specified on chlorpyrifos labels range from 0.25 to 8 pounds of active ingredient per acre. 
The Agency typically uses acres treated per day values that are thought to represent a typical
work day for specific types of application equipment.

Occupational handler exposure assessments are conducted by the Agency using different
levels of personal protective equipment (PPE).  The Agency typically evaluates all exposures in a
step-wise fashion, first assuming minimal protection and then incrementally adding protective
measures until the target MOE is reached.  For agricultural handlers, the estimated exposures
considered PPE (a double layer of clothing and gloves and/or a dust/mist respirator), and
engineering controls (closed mixing/loading systems for liquids and granulars and enclosed
cabs/trucks). 

The Agency identified 31 major occupational handler scenarios for which there were
potential exposures during mixing, loading, and applying products containing chlorpyrifos to
agricultural crops and ornamentals (22 scenarios) and to non-agricultural use sites (9 scenarios)
such as sodfarms, golf courses and mosquito aculticide treatment.  These scenarios reflect a broad
range of application equipment, application methods and use sites.  For agricultural uses, handler
activities include open and closed mixing/loading, and aerial, tractor-drawn and handheld
application.  The application rates used in the assessment are intended to reflect the upper range
of rates on the labels.  In some instances, the rates also include values that registrants indicated
were “typical” (e.g., a variety of sod farm rates, corn, citrus, greenhouse, and nursery rates).  
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The scenarios were classified as short-term (1 to 30 days) and intermediate-term (1 to 6
months).  The handler scenarios for agricultural and golf course uses are expected to be of short-
term duration only; the scenarios for mosquitocide use are short- and intermediate-term; and the
scenario for pre-termiticide treatment is long-term (>6 months).

2) Occupational Handler Risk

i) Agricultural and Ornamental/Greenhouse
Handler Risk

Combined dermal and inhalation margins of exposure for agricultural, ornamental and
greenhouse handlers range from 8 to 10,890.  The following exposure scenarios (by number as
presented in Table 10) result in MOEs below 100 with engineering controls (or with PPE where
engineering controls are not feasible) and thus are of concern:

(1a) Mixing/loading liquids for aerial/chemigation application at 1.5 lbs. ai/A
(1b) Mixing/loading liquids for groundboom application at 5 lbs. ai/A
(2a) Mixing wettable powder for aerial/chemigation application at 2 and 3.5 lbs. ai/A
(2b) Mixing wettable powder for groundboom application at 3 lbs. ai/A
(4a) Aerial application of spray in enclosed cockpit at 2 lbs. ai/A
(4b) Aerial application of granular in enclosed cockpit at 1.95 lbs. ai/A
(12) Application by backpack sprayer at 0.08 and 0.16 ai/gal, and at 3.5 lbs. ai/A
(14) Application by high-pressure handwand at 0.0033 and 0.0066 lbs. ai/gal
(15) Application by hydraulic hand-held sprayer for bark beetle treatment at 3.5 lbs.

ai/A and at 0.08 lbs. ai/gal

Seed treatment, pre-plant peach dip and dry bulk fertilizer impregnation were not assessed
due to a lack of appropriate data.
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Table 10.  Occupational Risk Estimates for Agricultural and Ornamental Uses of Chlorpyrifos

Exposure Scenario
(Scenario#)

 Application Rates 
(lb ai/acre) (a)

Daily
Acres

Treated
(b)

Short-Term PPE
MOEs

Short-Term Eng. Control MOEs

Dermal Inhalation Total Dermal Inhalation Total

Mixer/Loader Exposure

Mixing/Loading Liquids for
Aerial/Chemigation
Application (1a)

1.5 cranberries, corn 350 39 56 23 78 160 52

3.5 citrus  (c) 100 59 83 34 120 240 78

Mixing/Loading Liquids for
Groundboom Application (1b)

1.5 predominant max 80 170 240 100 Target MOE reached at PPE 

5.0 tobacco max (d) 80 51 73 30 100 210 69

2  Sodfarm 
(includes

tobacco/potatoes)

80 130 180 75 250 530 170

4 Sodfarm (e) 80 64 91 38 130 260 86

8.0 sodfarm fire ants  10 260 360 150 Target MOE reached at PPE 

Mixing/Loading Liquids for
Airblast Application (1c)

 2.0 predominant max
such as Fruits & Nuts 

40 260 360 150   Target MOE reached at PPE 

 6.0 citrus 20 170 240 100 Target MOE reached at PPE

Mixing WP for
Aerial/Chemigation
Application (2a)

2.0 predominant max
(orchards)

350

DAS is not supporting the open bag
formulation for the WP

51 42 23

3.5 citrus  (c) 100 100 83 46

Mixing WP for Groundboom
Application (2b)

1.0 predominant max
(brassica)

80 450 360 200

4.0 soil treatment
ornamentals outdoors

10 890 730 400

1.3 & 3.0 Sodfarm 80 340 / 150 280 / 120 150 / 67

 8.0 sodfarm fire ants
(harvest only)

 10 4500 3600 200



Exposure Scenario
(Scenario#)

 Application Rates 
(lb ai/acre) (a)

Daily
Acres

Treated
(b)

Short-Term PPE
MOEs

Short-Term Eng. Control MOEs

Dermal Inhalation Total Dermal Inhalation Total
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Mixing WP for Airblast
Application (2c)

2.0 predominant max 40 450 360 200

 6.0 citrus 20 300 240 130

Loading Granulars for Aerial
Application (3a)

1.95 maximum aerial
rate (f)

350 150 30 25 3000 300 270

Loading Granulars for
Ground Application (3b)

1.0 typical corn 80 1300 260 210 Target MOE reached at PPE 

2.0 max corn 80 640 130 110 Target MOE reached at PPE 

3.0 maximum ground
rate (tobacco)

80 430 86 71 8600 860 780

Applicator Exposure

Aerial (Spray) -- Enclosed
Cockpit (4a)

2.0 orchards 350 No Open cockpit data available 100 150 60

 3.5 citrus (c) 100 200 290 120

Aerial (Granulars) -- Enclosed
Cockpit (4b)

1.95 (f) 350 No Open cockpit data available 320 8 8

Groundboom Tractor (5) 1.5 predominant max 80 The biological monitoring results (Table A4)
indicate that open cabs provide  insufficient

protection .  Therefore, only the enclosed cab
MOEs are presented.

580 1400 410 

 5.0 tobacco max (d) 80 180 410 120

4 Sodfarms (e) 80 220 510 150

 8.0 sodfarm fire ants 10 880 2000  610

Airblast Applicator (6) 2.0 predominant max 40 The biological monitoring results indicate
that open cabs are  insufficient.

230 190 110

 6.0 citrus 20 150 130 70

Tractor-Drawn Granular
Spreader (7)

1.0 typical corn  80 1000 360 270 Target MOE reached at PPE

2.0 max corn 80 520 180 140 Target MOE reached at PPE



Exposure Scenario
(Scenario#)

 Application Rates 
(lb ai/acre) (a)

Daily
Acres

Treated
(b)

Short-Term PPE
MOEs

Short-Term Eng. Control MOEs

Dermal Inhalation Total Dermal Inhalation Total
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3.0 maximum ground
rate (tobacco)

80 350 120 90 690 130 110

Seed Treatment (8) No Data No Data No Data No Data

Dip Application (Preplant
Peaches) (9)

No Data No Data No Data No Data

Flagger Exposure

Spray Applications (10) 2.0 predominant max 350 50 140 37 2300 1400 880

3.5 citrus (c) 100 100 290 74 4500 2900 1800

Granular Applications (11) 1.95 350 320 340 170 Target MOE reached at PPE

Mixer/Loader/Applicator Exposure

Backpack Sprayer (12) 0.0417 lb ai/gal
predominant max /
0.08 lb ai/gal bark
beetle treatment /

0.03 lb ai/gal stump
treatment

40
gal/day

130 / 68
/ 180

700 / 360 /
970

110 / 58 /
150

Target MOE reached at PPE, except for the
higher concentration for the beetle bark treatment

3.5 citrus bark 1 A/day 63 330 53 Not feasible

0.039 lb ai/gal /750
ft2

1,000 ft2 4200 22000 3500 Target MOE reached at PPE

Low Pressure Handwand (13) 0.0417 lb ai/gal
predominant max /
0.08 lb ai/gal bark
beetle treatment /

0.03 lb ai/gal  stump
treatment

40
gal/day

570 /
300 /
790

700 / 360 /
970

310 / 160 /
440

Target MOE reached at PPE

3.5 citrus bark 1 A/day 270 330 150 Target MOE reached at PPE

0.039 lb ai/gal/
750 ft2 animal prem.

1,000 ft2 18,000 22,000 10,000 Target MOE reached at PPE



Exposure Scenario
(Scenario#)

 Application Rates 
(lb ai/acre) (a)

Daily
Acres

Treated
(b)

Short-Term PPE
MOEs

Short-Term Eng. Control MOEs

Dermal Inhalation Total Dermal Inhalation Total
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High Pressure Handwand 
(greenhouse uses) (14)

Min. 0.0033 lb ai/gal 1,000
gal/day

66 88 38 Not feasible

Max. 0.0066 lb ai/gal 33 44 19 Not feasible

Hydraulic Hand-held Sprayer
for Bark Treatment (15)

3.5 citrus bark 10 16 100 14 Not feasible

0.08 lb ai/gal bark
beetle treatment

1,000
gal/day

14 / 7 88 / 44 12 / 6  Not Feasible

0.039 lb ai/gal /750
ft2 animal prem

10,000
ft2

2,200 13,000 1,900 Target MOE reached at PPE

Dry Bulk Fertilizer
Impregnation

1.0 lb ai / 200 lb
fertilizer / acre

No Data No Data No Data

(a) Application rates are the maximum labeled rates found on EPA Reg. Nos. 62719-38, -221, -245, -34; -79, -72, -166, -220, 34704-66 (Clean Crop
Chlorpyrifos 4E -- sodfarm fire ant rate), 499-367 (499-367 is the only greenhouse label identified), and 10350-22 for animal premise treatments. 
“Predominant max” in this table refers to the most frequently identified maximum application rate found on the labels for the specific formulation
and equipment type.  Typical rates are also included to characterize the chlorpyrifos uses.  Not all application rates are included for all crops, instead,
a cross-section of rates are used to represent the uses of chlorpyrifos.

(b) Daily acres treated are based on EPA’s estimates of acreage (or gallonage) that would be reasonably expected to be treated in a single day for each
exposure scenario of concern.  The sodfarm fire ant rate is restricted on the label for harvest only, therefore, this rate is limited to the amount of sod
that may be harvested in a reasonable time frame.  Therefore, using the limited data available, approximately 10 acres treated per day are assumed to
be the upper range. 

(c) The application rates on the Lorsban 4E (EPA Reg. No. 62719-220) and 50W (EPA Reg. No. 62719-39 discontinued as of 1995 and sold as -221)
labels indicate that for citrus at the 6.0 lb ai/A rate it is necessary to use 100 to 2,400 gallons per acre dilute spray.  Therefore, this rate is not expected
to be feasible for an aerial applicator.  The label language should be clarified so that the 6.0 lb ai/A rate is for ground only.  Additionally, citrus
orchards are believed to be relatively small plots and 100 acres per day is assumed in the assessment for aerial applications.

(d) The 5.0 lb ai/A rate for mixing/loading or applying liquids by groundboom application on tobacco has been canceled.

(e) The 4.0 lb ai/A rate for mixing/loading or applying  liquids by groundboom application to sodfarms has been reduced to 3.0 lb ai/A.
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(f) The 1.95 lb ai/A rate for aerial mixing/loading or applying granulars has been reduced to a maximum of 1.0 lb ai/A.
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ii ) Non-Agricultural Occupational Handlers

The following exposure scenarios (by number as presented in Table 11) result in combined
dermal and inhalation MOEs below 100 with label-recommended PPE, and thus are of concern. 

(3) Short-term groundboom applicators of liquids on golf courses at 1 lb. ai/A wearing
baseline PPE

(5) Short- and intermediate-term applicators of a dust product for control of fire ants
(9) Long-term mixer/loader/applicators of pre-construction termiticide treatments

wearing baseline PPE
(13) Intermediate-term aerial applicators and mixer/loaders of mosquito adulticides

using engineering controls at 0.023 lbs. ai/A

More detailed information on the non-agricultural occupational assessments can be found
in the Human Health Risk Assessment, June 8, 2000, in the public docket and on the internet at
www.epa.gov/pesticides/op.
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Table 11.  Risk Estimates for Non-Agricultural Occupational Handlers

Application Scenario Clothing
 Method of
Evaluation

MOE
Risk Characterization/

UncertaintiesDermal Inhalation Total

(3) Golf Course Use (Dursban Turf Insecticide; EPA Reg. 62719-35) (Short-term)   

Mixer/Loader (Liquid) LS, LP, gloves PHED V1.1 418 165 118 Central tendency estimate.  Assumes
handling product to treat 40 acres at lb

ai/acre. The Agency has more confidence
in the biomonitoring results than PHED.

Mixer/Loader (Wettable
Powder in water soluble
bags)

LS, LP, gloves PHED V1.1 902 803 425

Groundboom Applicator LS, LP, no gloves PHED V1.1 693 264 191

Biomonitoring
 (MRID 42974501)

69 69

Mix/Load/Apply via
Handgun  (greens/ tees)
(Liquid)

LS, LP, gloves PHED V1.1 209 594 155 Central tendency estimate.  Assumes
handling product to treat 5 acres at 1 lb

ai/acre. 

(5) Insecticidal Dust Product (Shaker Can or Bulbous Duster)(7% ai chlorpyrifos; 7.91 or 198 g ai) (EPA Reg. 13283-17, Rainbow Kofire Ant Killer)

Short- term  LS, LP, gloves Scientific Literature
Study

108 (7.9 g)
4.3 (198 g)

NE 108 (7.9 g)
4.3 (198 g)

Central-tendency short term risk
assessments for 7.9 and 198 g ai; 

High-end intermediate-term risk estimates
for 7.9 and 198 g ai (based on size of dust

container); inhalation exposure not
assessed due to an absence of data.



Application Scenario Clothing
 Method of
Evaluation

MOE
Risk Characterization/

UncertaintiesDermal Inhalation Total
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Intermediate-term 22 (7.9 g)
0.9 (198 g)

NE 22 (7.9 g)
0.9 (198 g)

(9) Pre-Construction Termiticide Treatment (0.5% chlorpyrifos as Dursban TC) (EPA Reg. 62719-47) (long-term)

Mixer/Loader/
Applicator (3 hour average
exposure)

label-specified
PPE: single layer

clothes and 
forearm-length

chemically-resistant
gloves (forearm

length gloves not
required by label)

Dosimetry and air
monitoring from
Registrant Study 

MRID No. 44589001

61 215 46 Low-end risk estimates for workers that
wore double layer of clothing and forearm

length gloves not required by the label;
Central-tendency risk estimates for

workers that wore a single layer of clothing
and forearm length gloves; assumes 3 hour
exposure, which could underestimate risks
to workers exposed > 3 hrs/day, or that use

2% ai to treat utility poles or fences

These MOEs have been adjusted to reflect
the dilution rate of 0.5% ai for all

termiticide products.double layer clothes
(LS,LP, coveralls,
rubber boots, and

forearm-length
gloves) (forearm-
length gloves not
required by label)

200 215 104

(13)  Mosquitocide Mixer/Loader/Applicator (PHED V1.1)  (Short- and intermediate-term) (Mosquitomist One EPA Reg. 8329-24)

Mixer/Loader--Aerial PPE double layer
clothes and gloves

PHED V1.1 132 (ST)
26 (IT)

58 (ST&IT) 40 (ST)
18 (IT)

High end risk estimates.  Application rate
of 0.023 lb ai/acre for 7500 acres

Engineering
Controls (enclosed

cockpit)
single layer clothes

and gloves

260 (ST)
52 (IT)

833(ST&IT) 198 (ST)
49 (IT)



Application Scenario Clothing
 Method of
Evaluation

MOE
Risk Characterization/

UncertaintiesDermal Inhalation Total
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Mixer/Loader--
Ground-based fogger

PPE, single layer
clothes and gloves

1111 (ST)
220 (IT)

663 (ST&IT) 415 (ST)
165 (IT) 

High end risk estimates.  Application rates
of 0.005 and 0.01 lb ai//acre for 3000
acres.  Surrogate ground-based fogger
exposure data are not available, and

therefore, it was necessary to extrapolate
from airblast exposure data

engineering
controls (enclosed

cab) and single
layer clothes and

gloves

297 (IT) 4760 (IT) 280 (IT)

Aerial Applicator engineering
controls (enclosed
cockpit) and single
layer clothes and no

gloves

440 (ST)
89 (IT)

2100
(ST&IT)

364 (ST)
85 (IT)

High end risk estimates.  Application rate
of 0.023/acre for 7500 acres

Ground-based  fogger 
Applicator 

engineering
controls (enclosed

cab) and single
layer clothes and no

gloves

671-1353 
(ST)

1820-3640
(ST)

490-986
(ST)

High end risk estimates.  Application rates
of 0.005 and 0.01 lb ai/acre for 3000 acres.

Surrogate ground-based fogger exposure
data are not available, and therefore, it was

necessary to extrapolate from airblast
exposure data132-275

(IT)
1820-3640

(IT)
123-256

(IT)

LS=Long sleeves; LP = Long pants; SS = short sleeves; SP = short pants
H20 = water; ST = short-term (1- 30 days); IT = intermediate term  (30 days to 6 months) LT = long term (> 6 months)
NE = Not evaluated
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3) Occupational Postapplication Exposure

Occupational postapplication exposure occurs when workers enter treated sites.  In the
agricultural setting, this includes scouts, pruners and harvesters, and may be of short- or
intermediate-term duration.  In the recreational setting, this includes golf course maintenance
workers.  Although a golf course maintenance worker may work up to 12 months per year,
chlorpyrifos levels on turf will decline fairly rapidly, and so exposures are expected to be of short-
term duration only.  Postapplication activities are categorized as having low, medium and high
potential for dermal contact.

Several chemical-specific postapplication exposure studies were conducted by the
technical registrants and submitted to the Agency.  These studies included biological monitoring,
passive dosimetry and dislodgeable foliar residue (DFR) data.  Data were submitted for sugar
beets, cotton, sweet corn, almonds, pecans, apples, citrus, cauliflower, and tomatoes.  

Specific transfer coefficients were also monitored and submitted for citrus harvesting,
citrus tree pruning, cauliflower scouting, and tomato scouting.  Transfer coefficients for other
crops/activities have been submitted by the Agricultural Reentry Task Force (ARTF).  In those
scenarios where data have not been submitted, the Agency’s standard values for transfer
coefficients are used to estimate potential reentry exposure.

Chemical-specific DFR data are not available for many crops that are treated with
chlorpyrifos.  Therefore, the assessment of exposures for those crops is based on typical
postapplication activities associated with representative crops, grouped according to their
potential for dermal contact.  Table 12 summarizes the crops and activities in terms of potential
for dermal contact.  Chemical-specific data are available for citrus, cauliflower, tree nuts and tree
fruits, and these crops are assessed separately.

4) Occupational Postapplication Risk

For a detailed explanation of the preliminary occupational postapplication risk, refer to the
Agricultural and Occupational Exposure Assessment and Recommendations for the
Reregistration Eligibility Decision Document for Chlorpyrifos, dated June 19, 2000, which is
available in the public document.  In that preliminary risk assessment, restricted entry intervals
(REIs) were calculated using default assumptions for transfer coefficients (Tc).  Since that time,
new exposure data for some activities have been submitted by the ARTF.  The REIs have been
recalculated using the new data for particular activities and are shown below in Table 12.
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Table 12.  Restricted Entry Intervals Based on Data Submitted by ARTF
Crop Current REI Proposed

REI
Activity PHI MOE

Citrus Trees 5 days 5 days Pruning during wet
conditions

21 days 220

Fruit Trees 4 days 4 days Thinning 28 days 280

Cauliflower 10 days 3 days Using Tc for scouting,
weeding, irrigating or hoeing

21 days 150

Nut Trees 2 days 24 hours New Tc for pruning or
thinning

14 days 270

Potatoes 2 days 24 hours New Tc for irrigation or
scouting

7 days 750

All Other Crops 24 hours 24 hours Scouting, harvesting 7 days 110

Postapplication risks to golf course workers during mow/maintenance activities are
presented in Table 13.  The short-term MOEs are above 100 (MOE 110 to 210) and therefore are
not of concern.  These risk estimates assume contact with golf course turf on the day of
treatment.

Table 13.  Short-term Postapplication Risks to Workers in Mow/Maintenance 
Activities after Chlorpyrifos Treatment at 4 lbs. ai/A

Transfer Coefficient DAT Short-term MOE

500 cm2/hour 0 210

1000 cm2/hur 0 110

Postapplication risks to greenhouse/nursery workers were not assessed due to a lack of
data.  Information is needed concerning the timing of the applications in relation to the
postapplication activities and a lack of residue data (foliar and bark treatments) to assess the REIs
for the ornamental/greenhouse uses. These risks are of concern for activities such as pruning,
transplanting and burlap/balling.  The National Agricultural Pesticide Impact Assessment Program
(NAPIAP 1996) reports chlorpyrifos is widely used for a broad range of insect applications
including wood-boring, foliage feeding, sucking and soil-borne pests.  NAPIAP (1996) also
reports that although chlorpyrifos use represents only 5% of the total lbs. ai used in
greenhouse/nursery operations, it is used by 35% of the survey respondents.  It is obvious that
chlorpyrifos is an important chemical for the industry, especially as a tool for resistance
management.  With such reliance by an industry, it is important to collect additional use
information, greenhouse DFR data, and biological monitoring data to develop transfer coefficients
for various greenhouse/nursery activities. 
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c. Residential Exposure and Risk

1) Residential Handler Exposure and Risk

Containerized baits in child-resistant packaging is the only residential use which may be
applied by the homeowner.  This use is not expected to result in exposures of concern.  For
further details, refer to the Human Health Risk Assessment for Chlorpyrifos, June 8, 2000, which
is available in the public docket and on the internet at www.epa.gov/pesticides/op.

2) Residential Postapplication Exposure

Residential postapplication exposure occurs when people enter a treated golf course or
following an application for mosquito control by a public agency.  Residential postapplication
exposures are expected to be of short-term duration (one day to one month). 

Environmental concentrations of chlorpyrifos in homes may also result from spray drift,
track-in, or from redistribution of residues brought home on the clothing of farm workers or
pesticide applicators.  The Agency is currently developing standard methodologies and guidance
to evaluate these exposures.  Modifications to EPA’s assessment will be incorporated as that
guidance becomes available.  

3) Residential Postapplication Risk

No residential postapplication exposures pose risks of concern.  A summary of the risk
estimates, method of evaluation, and risk characterization/uncertainties is presented in Table 14. 
For residential postapplication risk, the target MOE is 1000.  For golfers on a course treated at a
rate of 1 lb. ai/A, MOEs are1500-2400.  Following aerial and ground-based fogger mosquito
adulticide use, MOEs are 17,000 and 29,000 for children and adults, respectively. 
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Table 14.  Postapplication Risk Estimates to Residents/Recreational Users

Reentry Scenario Method of Evaluation

Central-tendency MOE
Risk Characterization/

UncertaintiesAdult Child

(8) Golf Course Treatment (Dursban Turf Insecticide; EPA Reg 62719-35)  (1 lb ai/acre)  (Short-term)

Adolescent Golfer (12 yrs;
44kg)

Residential SOPs and
surrogate residue data

from flurprimidol study
the day of treatment

1500 (1 lb ai/acre) High-end risk estimates.  Assumes exclusively dermal exposure
the day of turf treatment  Assumes a 4 hour exposure for an 18-

hole round of golf.
Adult Golfer 2400 (1 lb ai/acre)

(9) Aerial and Ground-Based Fogger Mosquitocide Application (Mosquitomist One, EPA Reg. 8329-24) (0.01 lb ai/acre) (Short-term)

Dermal Literature studies, the
AgDrift Model and the

updated Residential
SOPs

42,000 26,000 High-end risk estimates based on the updated Residential SOPs. 
Assumes long-term inhalation exposure is negligible based on

low application rate and infinite dilution.  Oral (hand to mouth) NE 13,000

Oral (Turfgrass Ingestion) NE 54,000

Oral (Soil Ingestion) NE 20,000,000

Total Exposure 42,000 15,000
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4) Incidents

Prior to implementation of the mitigation established in June 2000, chlorpyrifos was one of
the most widely used insecticides in the home both by consumers and PCOs or exterminators.  In
a 1990 EPA-sponsored survey of pesticide use in households, chlorpyrifos was the fourth most
commonly used insecticide, present in 18% of all households.  A 1993 EPA survey of PCOs
found it was the number one insecticide in use and accounted for a quarter of the poundage used
in residential settings.  Consequently, there have been many reports of human exposure and
poisonings due to the widespread use of chlorpyrifos.  The Agency estimates that approximately
98% of chlorpyrifos exposures discussed in the incident reports were associated with products
removed as a result of the mitigation contained in the June 8, 2000 agreement.  Human and pet
poisoning incidents associated with chlorpyrifos exposure are discussed in greater detail in the
Human Health Risk Assessment for Chlorpyrifos, June 8, 2000, which is available in the public
docket and on the internet at www.epa.gov/pesticides/op.  

4. Aggregate Risk

An aggregate risk assessment combines risk from dietary exposure (food and drinking
water routes) and residential exposure (homeowner handler and postapplication exposures,
including incidental oral exposure for toddlers who put grass in their mouths following mosquito
adulticide use and exposure to treated golf course turf).  As noted previously, this aggregate
assessment reflects the mitigation that reduced potential chlorpyrifos exposures from food
(elimination of use on tomatoes and limitations on the apple and grape uses) and in the
residential/recreational environment.  Acute, short-term and chronic aggregate assessments were
conducted.  For this assessment, the target MOE is 1000.  Results of the aggregate risk
assessment are summarized in here, and are discussed extensively in the Human Health Risk
Assessment for Chlorpyrifos, June 8, 2000. 
 

a. Acute Aggregate Risk

The acute aggregate risk assessment for chlorpyrifos addresses exposure from food and
drinking water.  For the highly refined acute probabilistic dietary exposure analysis, PDP, FDA
and NFS monitoring data were used to the greatest extent possible, along with field trial data, and
cooking and processing factors to assess dietary exposures.  This aggregate assessment
incorporates the mitigation measures agreed to in June 2000 (i.e., reduction of apple tolerance to
0.01 ppm to reflect dormant application, reduction of grape tolerance to 0.01 ppm based on
domestic use pattern, cancellation of use on tomatoes and revocation of the tolerance on
tomatoes). 

With the apple, grape and tomato mitigation measures in place, the acute dietary risk
estimates range from 4.1% to 82% of the aPAD, with children 1-6 years old being the most highly
exposed population subgroup.  Thus, the mitigated acute dietary (food only) risk estimate for
chlorpyrifos exposure is not of concern.  Acute estimated concentrations of chlorpyrifos in
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groundwater, derived from a conservative screening-level model, range from 0.007 to 0.103 ppb. 
The acute surface water EECs, taken from monitoring data, range from 0.026 to 0.4 ppb.  As
indicated in Table 15 below, the EECs are below the DWLOCs for all populations.  Thus acute
food and drinking water exposures (except possible well contamination) are not of concern.  It
should be noted that neither the SCI-GROW model nor the monitoring data reflect concentrations
after dilution (from source to treatment to tap) or drinking water treatment. 

Table 15.   Acute Aggregate Risk from Chlorpyrifos
 Including Risk Mitigation(a)

Population
Subgroup (b)

Acute PAD
(µg/kg/day) 

Food Exposure
99.9th

(µg/kg/day) 
(c)

Max. Water
Exposure

(µg/kg/day) (d)

Surface
Water EEC

(ppb)

Ground
Water EEC

 (ppb) 

Acute
DWLOC

(ppb) (,e,f,
g)

U.S. Population 5 0.237 4.76

0.026-0.4 0.007-0.103

166

All Infants (< 1
Year)

0.5 0.258 0.242 2.4

Children (1-6
years)

0.5 0.410 0.09 0.9

Females 
(13-50 years)

0.5 0.201 0.299 9

(a) Reflects mitigation implemented in June 2000 eliminating use on tomatoes and limiting use on grapes and apples.
(b) In addition to the U.S. population (all seasons), the most highly exposed subgroup within each of the infants,

children, female groups is listed.
(c) 99.9th percentile exposure.  Values are from Table 3 in Human Health Risk Assessment for Chlorpyrifos, June

8, 2000 (and rounded).  
(d) Maximum Water Exposure (µg/kg/day) = Acute PAD (µg/kg/day) - [Acute Food Exposure  (µg/kg/day)]. 
(e) DWLOC (µg/L) = Maximum water exposure (µg/kg/day) x body wt (kg) ÷ water consumed daily (L/day)]
(f) Default body weights are: general U.S. population, 70 kg; adult females, 60 kg; and infants/children, 10 kg.
(g) Default daily drinking water rates are 2 L/day for adults and 1 L/day for children.

b. Short-Term Aggregate Risk

The short-term aggregate risk estimate includes chronic dietary (food and water) exposure
and short-term non-occupational (i.e., residential/recreational uses) exposures from chlorpyrifos
use.  As noted previously, this aggregate assessment reflects the mitigation that reduced potential
chlorpyrifos exposures from food (apples, grapes and tomatoes) and in the residential/
recreational environment.  This assessment evaluates potential exposures to treated golf courses
and as a result of mosquitocide treatment by public agencies.

Table 16 presents the aggregate exposure estimates for chlorpyrifos from dietary and
residential/non-occupational uses (golfing and mosquito abatement).  Children 1-6 years old were
assumed to be exposed to residues on turf following ground-based fogger applications of a
mosquitocide and food residues.  Children 7-12 years were assumed to be dermally exposed to
chlorpyrifos residues while playing golf on the day of treatment, and to ingest food residues. 
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Female residents were assumed to be concurrently exposed to turf following mosquito abatement,
golfing (dermal contact with turf on the day of treatment), and food residues.

As shown in Table 16, aggregate MOEs are greater than 1000 for all subpopulations and
are not of concern.  Therefore, short-term DWLOCs were estimated to account for potential
drinking water exposures.

Table 16.  Short-Term Aggregate Exposure
[Chronic Dietary (Excluding Water) and Short-Term Residential Use]

Including Risk Mitigation(a)

Population
Subgroup

Chronic
Dietary

Exposure 

Short-Term Residential/Recreational  Exposure
(µg/kg/day)/ MOE Including Risk Mitigation

Total Aggregate
MOE  (c)

Mosquitocide Exposure
Golf Course
Exposure 

Dietary &
Residential
Exposure

Food
(µg/kg BW/day)

(b) / MOE 

Oral
 (µg/kg BW/day) 

/ MOE 

Dermal 
(µg/kg BW/day)

/ MOE 

Dermal
(µg/kg BW/day)

/ MOE 
Oral and Dermal 

MOE 

Children 
(1-6 years)

0.008

MOE = 62,500

0.013

MOE =  38,500

0.19

MOE =  26,000

NE 12,000

Children
 (7-12 years)

0.015

MOE = 33,000

NE NE 3.4  

MOE = 1,500

1,400

Females 
13-50

0.006

MOE = 83,000

NE 0.14 (d)

MOE= 36,000

2.45 (d)

MOE = 2,000

1,900

(a) Reflects mitigation implemented in June 2000 eliminating use on tomatoes and limiting use on grapes and apples.
(b) MOE calculated based on acute oral NOAEL of 500 µg/kg/day,  and short-term dermal NOAEL of 5000 µg/kg/day. 
(c) Oral and dermal exposures were combined because the oral and dermal endpoints are both based on plasma and RBC ChE

inhibition.
(d) Adjusted from 70 kg to 60 kg for aggregate exposure.  

NE = Not evaluated.

The short-term DWLOC values are presented in Table 17.  The EECs for chronic
exposures are below the DWLOCs for all populations.  Thus, potential short-term aggregate
exposure to chlorpyrifos resulting from food, water, golf course and mosquito abatement
exposures are not of concern.  This analysis is conservative because the Agency assumed that
there could be concurrent residential and recreational exposures to chlorpyrifos (i.e., golfing and
mosquito abatement on the same day).  In addition, neither SCI-GROW nor the monitoring data
reflect concentrations after dilution (from source to treatment to tap) or drinking water treatment. 
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Table 17.  Short-term Aggregate Exposure DWLOCs
(Chronic Dietary and Short-Term Residential Use)

Including Risk Mitigation(a)

Population
Subgroup (b)

Acute Oral
NOAEL

(µg/kg/day) 

ST Food and
Residential 
MOE  (b)

Water
MOE 

(c)

Max. Water
Exposure

(µg/kg/ day)
(d)

Surface
Water
(ppb)

Ground
Water
(ppb) 

ST
DWLOC

(ppb)
(e,f,g)

Children (1-6
years)

500

12,000 1,090 0.4587

0.026 0.007-0.103

4.5

Children
 (7-12 years)

1,400 3,450 0.14 1.4

Females 
(13-50 years)

1,900 2,100 0.238 7.1

(a) Reflects mitigation implemented in June 2000 eliminating use on tomatoes and limiting use on grapes and apples.
(b) Values are from Table 16.  
(c) MOEWATER    = 1 /  [(1/MOEAGG - [1/MOEFOOD + 1/MOEDERMAL + 1/MOEORAL ]), where MOEAGG is 1000.
(d) Maximum Water Exposure (µg/kg/day) = Acute NOAEL of 500 (µg/kg/day)÷ MOEWATER

(e) DWLOC (ppb) = Maximum water exposure (µg/kg/day) x body wt (kg) ÷ water consumed daily (L/day)]
(f) EPA default body weights are: adult females, 60 kg; and infants/children, 10 kg.
(g) EPA default daily drinking water rates are 2 L/day for adults and 1 L/day for children.
ST = short-term

c. Intermediate-Term Aggregate Risk

No residential/recreational uses result in exclusively intermediate-term exposures (i.e.,
greater than 30 days but less than 6 months).  Therefore, an intermediate-term aggregate risk
assessment was not conducted.

d. Chronic Aggregate Risk

The chronic aggregate risk assessment for chlorpyrifos addresses exposures from food and
drinking water.  For the highly refined chronic dietary exposure analysis, PDP, FDA and NFS
monitoring data were used to the greatest extent possible, along with field trial data, and cooking
and processing factors.  This aggregate assessment incorporates the mitigation agreed to in June
2000 (llimitation of use the use on apples and grapes and deletion of use on tomatoes), and
assumes there are no chronic exposures from termiticide treatments, since these uses are being
phased down.
 

The chlorpyrifos chronic dietary (food only) risk estimates range from 2.5 to 51% of the
cPAD, with children 1-6 years old being the most highly exposed population subgroup.  Thus, the
chronic dietary (food) risk from chlorpyrifos exposure is not of concern.  

Chronic groundwater EECs, derived from SCI-GROW,  range from 0.007 to 0.103 ppb. 
Chronic surface water EECs, based on monitoring data, are estimated at 0.026 ppb.  The chronic
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DWLOC values are shown below in Table 18.  For all subpopulations, surface and groundwater
EECs are below the DWLOCs and therefore are not of concern.  These estimates are conservative
because  neither the SCIGROW model nor the monitoring data reflect actual drinking water
concentrations after dilution (from source to tap) or drinking water treatment.

Table 18. Chronic Aggregate Exposure DWLOCs
Including Mitigation (a)

Population
Subgroup (b)

Chronic
PAD

(µg/kg/day) 

Chronic
Food Exposure
(µg/kg/day)(c)

Max. Water
Exposure

(µg/kg/day) (d)

Surface
Water
(ppb)

Ground
Water
(ppb) 

Chronic
DWLOC

(ppb) (e,f,g)

U.S. Population 0.3 0.008 0.292

0.026 0.007 to 
0.103

10

All Infants
 (< 1 Year)

0.03 0.01 0.02 0.2

Children (1-6
years)

0.03 0.015 0.015 0.15

Females
(13-50 years)

0.03 0.006 0.024 0.72

(a) Reflects mitigation implemented in June 2000 eliminating use on tomatoes and limiting use on grapes and apples.
(b) In addition to the U.S. population (all seasons), the most highly exposed subgroup within each of the infants,

children, female groups is listed.
(c) Values are from Table 4 from the Human Health Risk Assessment, June 8, 2000 (and rounded).
(d) Maximum Water Exposure (µg/kg/day) = Chronic PAD (µg/kg/day) - [Chronic Food Exposure + Chronic

Residential Exposure (µg/kg/day) (if applicable)].  Chronic residential uses were not considered based on
mitigation options.  

(e) DWLOC (ppb) = Maximum water exposure (µg/kg/day) x body wt (kg)  ÷ water consumed daily(L/day)]
(f) HED default body weights are: general U.S. population, 70 kg; adult females, 60 kg; and infants/children, 10

kg.
(g) HED default daily drinking water rates are 2 L/day for adults and 1 L/day for children.

B. Environmental Risk Assessment

A summary of the Agency’s environmental risk assessment is presented below.  For
detailed discussions of all aspects of the environmental risk assessment, see the Fate and
Environmental Risk Assessment, dated October 1999 and revised March and June 2000, available
in the public docket  and on the internet at www.epa.gov/pesticides/op.

1. Environmental Fate and Transport

The environmental fate database for chlorpyrifos is largely complete.  The major route of
dissipation appears to be aerobic and anaerobic metabolism.  Abiotic hydrolysis, photodegradation
and volatilization do not seem to play significant roles in the dissipation process.  Based on
available data, chlorpyrifos appears to degrade slowly in soil under both aerobic and anaerobic
conditions.  Information on leaching and adsorption/desorption indicate that parent chlorpyrifos is
largely immobile.  The environmental fate of the major chlorpyrifos degradate, TCP, indicates that
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it is mobile in soils and persistent in soils when not exposed to light.  Available field data indicate
that chlorpyrifos has a half-life in the field of less than 60 days, with little or no leaching observed. 
Because of its low water solubility and high soil binding capacity, there is potential for
chlorpyrifos sorbed to soil to run off into surface water via erosion.  Chlorpyrifos has been
detected in fish tissues.  Chlorpyrifos residues in aquatic species may result in dietary exposure for
aquatic birds and mammals feeding on aquatic organisms.  Chlorpyrifos rapidly depurates from
fish when aquatic chlorpyrifos exposures cease.

The degradate TCP appears to be more persistent than chlorpyrifos (substantial amounts
remain 365 days after application) and it exhibits much lower soil/water partitioning than
chlorpyrifos.  Consequently, substantial amounts of TCP are probably available for runoff for
longer periods than chlorpyrifos.  The relatively low soil/water partitioning of TCP indicates that
its concentrations in sediment and water are probably comparable, and that runoff occurs
primarily by dissolution in runoff water rather than by adsorption to eroding soil.  The low
soil/water partitioning of TCP suggests that its bioaccumulation potential is probably low.

Chlorpyrifos can contaminate surface water via spray drift at the time of application or as
runoff up to several months after application.  Available data indicate that most chlorpyrifos
runoff is generally via adsorption to eroding soil rather than by dissolution in runoff water. 
However, under some conditions, dissolution in runoff water may be significant.  

2. Ecological Risks

Risk characterization integrates the results of the exposure and ecotoxicity data to
evaluate the likelihood of adverse ecological effects.  The means of integrating the results of
exposure and ecotoxicity data is called the quotient method.  For this method, risk quotients
(RQs) are calculated by dividing exposure estimates by ecotoxicity values, both acute and chronic. 

       
RQ = Exposure/Toxicity

 
RQs are then compared to EPA's levels of concern (LOCs).  The LOCs are criteria used

by OPP to indicate potential risk to nontarget organisms.  The criteria indicate that a pesticide
used as directed has the potential to cause adverse effects on nontarget organisms. 
  

Ecotoxicity endpoints derived from the results of short-term laboratory studies that assess
acute effects are: (1) LC50 (fish and birds) (2) LD50 (birds and mammals) (3) EC50 (aquatic plants
and aquatic invertebrates) and (4) EC25 (terrestrial plants).  Endpoints derived from the results of
long-term laboratory studies that assess chronic effects are NOAEL and LOAEL for birds and
mammals and NOAEC and LOAEC for fish and aquatic invertebrates.

Risk presumptions along with the corresponding RQs and LOCs are shown below in Table
19.
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Table 19.  Risk Presumptions for Non-target Organisms

Terrestrial Animals

Risk Presumption RQ LOC

Acute High Risk EEC/LC50 or LD50/sqft2 or LD50/day3 0.5

Acute Restricted Use EEC/LC50 or LD50/sqft or LD50/day
(or LD50 < 50 mg/kg)

0.2

Acute Endangered Species EEC/LC50 or LD50/sqft or LD50/day 0.1

Chronic Risk EEC/NOAEL 1

Aquatic Animals

Acute High Risk EEC/LC50 or EC50 0.5

Acute Restricted Use EEC/LC50 or EC50 0.1

Acute Endangered Species EEC/LC50 or EC50 0.05

Chronic Risk EEC/NOAEC 1

Terrestrial and Semi-Aquatic Plants 

Acute High Risk EEC/EC25 1

Acute Endangered Species EEC/EC50 or NOAEC 1

Aquatic Plants

Acute High Risk EEC/EC50 1

Acute Endangered Species EEC/EC50 or NOAEC 1

Calculated risk quotients represent a screening level assessment.  Risk characterization
provides further information on the likelihood of adverse effects occurring by considering the fate
of the chemical in the environment, geographic patterns of chemical usage, communities and
species potentially at risk, their spatial and temporal distributions and the nature of the effects
observed in the studies.

a. Exposure Assumptions

Three types of terrestrial wildlife risk assessments were conducted.  For non-granular
pesticides, acute and chronic dietary exposures were assessed by comparing estimated
environmental concentrations on food items to LC50 values.  To assess risks from granular
products, acute exposures are expressed as LD50 per square foot.  Acute risk quotients for
granular formulations were calculated by dividing the maximum milligrams of chlorpyrifos
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exposed on the soil surface per square foot by LD50 values of various wildlife species times the
animal’s body weight. 

For non-granular (liquid and dust) pesticides, the estimated environmental concentrations
(EECs) were compared with LC50 values to assess risk.  Maximum EECs were used to derive a
conservative estimate of risk to wildlife that may feed on foods with higher than average residues. 
This risk assessment estimated risks to birds and mammals feeding on short grass or foliage and
fruits, seeds, and large and small insects, which provides a range of risk quotients depending on
the particular dietary needs of a wildlife species.  The assessment assumes that animals would
consume only chlorpyrifos- treated food items.  Measured residue levels reported in three field
studies on corn, citrus and golf courses sprayed with chlorpyrifos support the use of maximum
residue levels for risk assessment.  In case of soil incorporation following spray applications, it is
assumed that soil incorporation reduces the amount of treated vegetation and seeds available to
wildlife on the surface, but soil incorporation does not reduce the pesticide concentration on these
food items.  Soil incorporation reduces the amount of pesticide available for runoff.

Estimated environmental concentrations in aquatic systems were modeled using GENEEC
and PRZM-EXAMS to reflect use on corn, citrus, peanuts, cotton and tobacco.  Use patterns for
these sites reflect the range of application rates, frequency of application, maximum seasonal
limits and application methods for chlorpyrifos.  Estimated concentrations derived from the
models were used to assess acute and chronic risks to freshwater and estuarine organisms in
ponds and estuarine areas, respectively.  Concentrations reported in NAWQA and California
monitoring data were used to assess risks for some typical flowing waters.  Acute risks were
assessed using peak EECs.  Chronic risk quotients were calculated using an exposure period
ranging from 96 hours to 21 days.  For greater detail on exposure assumptions, see the Fate and
Environmental Risk Assessment, revised June 2000.

b. Toxicity

Extensive acute and chronic toxicity data are available for chlorpyrifos.  A summary of
toxicity values used in terrestrial risk assessments is shown below in Table 20. 
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Table 20. Summary of Terrestrial Toxicity Values Used In 
Risk Assessment for Chlorpyrifos

Toxicity
Category

Most
Sensitive
Species

Toxicity
Value

Derived Toxicity Values

Herbivores and
Insectivores

Granivores

Mammalian
Acute LD50

Rat 97  mg/kg
  15 gr.    102  ppm
  35 gr.    147  ppm
1000 gr.    647  ppm

  15 gr.    462  ppm
  35 gr.    647  ppm
1000 gr.   3233  ppm

Mammalian
Dietary LC50

Rat 1330  ppm N/A

Mammalian
Reproduction
NOAEL

Rat   10  ppm N/A

Avian Acute
LD50

House
Sparrow

    10  mg/kg N/A

Avian
Dietary LC50

Mallard
Duck

 136  ppm N/A

Avian
Reproductive
NOAEL

Mallard
Duck

  25  ppm N/A

Aquatic toxicity studies indicate that chlorpyrifos is moderately to very highly toxic to
both fish and aquatic invertebrates.  TCP was found to be much less toxic than chlorpyrifos.
Aquatic toxicity values for chlorpyrifos are shown below in Table 21.

Table 21.  Summary of Aquatic Toxicity Values
Toxicity Category Toxicity Value

Freshwater Fish Acute LC50 1.8 ppb (bluegill sunfish)

595 ppb (mosquitofish)

Reproductive NOAEC 0.57 ppb (fathead minnow)

Estuarine Fish Acute LC50 0.96 ppb

Reproductive NOAEC 0.28 ppb (Atlantic silverside)

Freshwater
Invertebrate 

Acute LC50 0.1 ppb (Daphnia magna)

50 ppb (stonefly P. californica)



Toxicity Category Toxicity Value
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Reproductive NOAEC 0.04 ppb (Daphnia magna)

Estuarine
Invertebrate  

Acute LC50 0.035 ppb  (Mysid shrimp)

2000 ppb (Oyster embryo-larvae)

Reproductive NOAEC <0.0046 ppb (Mysid shrimp)

Estuarine Algae Acute LC50 140-300 ppb (S. costatum)

c. Summary of Risks to Nontarget Organisms

The Agency calculated risk quotients for most agricultural and some non-crop uses such
as golf courses and perimeter treatments for termites.  Risk quotients have been estimated based
on maximum use rates and maximum seasonal poundage permitted by the label for both acute and
chronic exposures.  In addition, typical use rates were assessed for selected major crops.  The
chronic exposure values for assessing risks to avian and mammalian reproduction have been
modified since completion of the Fate and Environmental Risk Assessment, June 2000, to reflect
mean residue levels on grasses, foliage, seeds and insects.  Risk quotients for major use sites are
presented in this document.  For detailed discussion of these and risk quotients for other uses, see
the Fate and Environmental Risk Assessment, June 2000, which is available in the public docket
and on the internet at www.epa/gov/pesticides/op.

Risk quotients indicate that a single application of chlorpyrifos may pose high risks to
small mammals, birds, fish and aquatic invertebrate species for nearly all registered outdoor uses. 
For multiple applications, EPA assumes that residues are additive and has used minimum
retreatment intervals along with calculated half-lives, half-lives for soils, foliage and water. 
Multiple applications increase the risks to wildlife and prolong exposures to toxic concentrations. 
In most cases, acute risk quotients exceed 1 for the most sensitive small mammals and birds.  All
aquatic acute and reproductive risk quotients exceed 1; many aquatic risk quotients exceed 10 and
100; several risk quotients for estuarine invertebrates exceed 1,000.  In a few cases at maximum
application rates, chlorpyrifos may bioconcentrate in the tissues of fish and aquatic invertebrates
to levels that exceed acute LC50 values for sensitive bird species and reproductive NOAELs for
birds and small mammalian species.  Hence bioconcentration of chlorpyrifos in ponds and
estuarine areas may pose acute and/or reproductive risks to aquatic birds and mammals feeding
adjacent to treated areas.  

For aquatic risk assessments, the Agency used the screening-level model GENEEC to
predict concentrations of chlorpyrifos in water following a single application.  To estimate
concentrations on a single site over multiple years, PRZM-EXAMS was used.  Peak EECs range
from 1 to 37 ppb.  These EECs may be considered highly conservative because 1) the EECs
generated by both models reflect agricultural uses with the highest application rates of
chlorpyrifos, and 2) the EECs represent one in ten-year concentrations in a one-hectare, 2-meter
deep farm pond or other water body with no outlet draining 10 hectares, 100% of which is treated
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with chlorpyrifos.  The aquatic risk quotients derived from these EECs are therefore conservative. 
In addition, the RQs for estuarine organisms are likely to be even more conservative than those
for freshwater organisms.  Concentrations in estuarine environments could be expected to be
much lower than in a contained pond because of flushing and dispersion as a result of tidal
fluctuations.  RQs derived from GENEEC may also overestimate aquatic risks for crops with
ground cover such as pome fruits and tree nuts.

Endangered species LOCs are exceeded for small mammals, birds, freshwater fish and
invertebrates, and estuarine fish and invertebrates for most chlorpyrifos uses.  The Fish and
Wildlife Service has reviewed the use of 4 EC, 15 G, 50 W and Dursban 10 CR on numerous
crops and as a mosquito larvicide.  In several opinions, the most recent in 1993, FWS found
jeopardy for a few bird and amphibian species, a snake, and many species of fish and aquatic
invertebrates, under the conditions of use at the time of the opinion.

The Agency has consulted several times with the Fish and Wildlife Service (FWS) on the
potential effects of chlorpyrifos for various uses on endangered and threatened species.  To date,
the FWS has issued five Biological Opinions.  In these Opinions, the FWS found jeopardy for 35
fish species, 33 aquatic invertebrate species, 7 avian species, 4 amphibian species and 13 insect
species.  An additional 18 fish species, 2 aquatic invertebrate species, 1 avian species and 1
amphibian species were expected to be affected, but not jeopardized.   These consultations and
the findings expressed in the Opinions, however, are based on old labels and application methods,
less refined risk assessment procedures, and an older approach to consultation which is currently
being revised through interagency collaboration.

EPA’s current assessment of ecological risks uses both more refined methods to define
ecological risks of pesticides and new data, such as that for spray drift.  Therefore, the Reasonable
and Prudent Measures (RPMs) in the Biological Opinion(s) may need to be reassessed and
modified based on these new approaches. 

The Agency is currently engaged in a Proactive Conservation Review with FWS and the
National Marine Fisheries Service under section 7(a)(1) of the Endangered Species Act.  The
objective of this review is to clarify and develop consistent processes for endangered species risk
assessments and consultations.  Subsequent to the completion of this process, the Agency will
reassess the potential effects of the remaining chlorpyrifos uses to federally listed threatened and
endangered species.  At that time, the Agency will also consider any regulatory changes
recommended in this IRED that are being implemented.  Until such time as this analysis is
completed, the overall environmental effects mitigation strategy articulated in this document and
the County Specific Pamphlets described below, will serve as interim protection measures to
reduce the likelihood that endangered and threatened species may be exposed to chlorpyrifos at
levels of concern.   

1) Risks to Terrestrial Mammals
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Risk quotients for both maximum and typical use rates exceed the levels of concern for
small mammalian herbivores and insectivores for most crop and non-crop uses of chlorpyrifos. 
The high risk LOC (0.5) for the mammalian acute oral LD50 values is usually exceeded for 15
gram mammals, frequently exceeded for 35 gram mammals and occasionally exceeded for 1000
gram mammals.  The high risk LOC (0.5) for mammalian subacute dietary LC50 is rarely
exceeded, but the restricted use LOC (0.2) is exceeded frequently.  The LOC for reproductive
effects (1.0) is usually exceeded.  

2) Risks to Terrestrial Birds and Reptiles

Risk quotients for both maximum and typical application rates for spray uses usually
exceed the levels of concern for high risks (0.5) for subacute LC50s and (1.0) for reproduction
NOAEL for avian species.  Risk quotients for both maximum and typical application rates for
granulars usually exceed the LOC for high acute risk.  Several incidents with robins and other bird
species reported for lawn and residential perimeter treatments for termites support these risk
quotients for birds and reptiles.

Sensitivity of reptiles to pesticides is assumed to be similar or less than for birds, hence the
avian risk quotients apply to reptiles as well.  Some snake carcasses tested positive for
chlorpyrifos in two of the three field studies.  The presence of chlorpyrifos in snake carcasses
suggests the possibility of secondary toxicity, that is, effects caused by a chemical present in the
carcass of an animal eaten by a predator.

3) Risks to Bees and Beneficial Insects

Chlorpyrifos is highly acutely toxic to honey bees and applications would be expected to
pose a risk to bees and beneficial insects present in the treated area during application.  At
present, there is no accepted method to determine risk quotients based on the bee acute contact
toxicity data.  Results from some field studies confirm predicted risks to bees, which are killed if
present during application and for as long as 24 hours after treatment.

4) Risks to Fish and Amphibians

Risk quotients exceed the LOC for high acute (0.5) and chronic (1.0) effects for
freshwater and estuarine fish for all uses.  Reproductive risks to fish populations are indicated by
risk quotients which are greater than 21-day EECs for all uses.  Freshwater fish reproductive
effects seen in the fathead minnow include reduced survival at 1.09 ppb; for estuarine fish,
reproductive effects include reduced survival and body weight at 0.28 ppb.  Fish reproductive
effects are likely to be greater than indicated by RQ values presented in risk quotient tables for all
chlorpyrifos uses.  The fathead minnow tested in the full life-cycle study is less sensitive on an
acute basis than other species, such as bluegill and trout.  Thus the RQs for more sensitive fish
would be expected to be greater than for the fathead minnow. 
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5) Risks to Aquatic Invertebrates

Risk quotients for all uses exceed the acute and chronic LOCs for freshwater and estuarine
invertebrates.  For 14 major crop uses, eight of the fourteen peak EECs exceed the EC50/LC50
values for three of the four freshwater species.  In the estuarine/marine invertebrate life cycle
toxicity study using mysid shrimp, reproductive effects were seen at 0.0046 ppb, the lowest dose
tested.  Effects observed were a reduced number of young and reduced mean number of young
per female. 

6) Risks to Freshwater Organisms in Field Monitoring Studies

In an Iowa corn field study, chorpyrifos was applied as an emulsifiable concentrate to four
fields (4 applications per field, 1.5-3 lbs. ai/A) and as a granular formulation to four fields (3
applications per field, 1-2.6 lbs. ai/A).  Chlorpyrifos levels were measured in aquatic areas
adjacent to the treated fields.  The mean residue level of 66.9 ppb exceeds all predicted EECs. 
After granular treatment to corn at 2 lbs. ai/A, one water sample had residue level of 1.80 ppb
seven days after the tassel broadcast treatment.  This concentration is below predicted EECs
ranging from 5.5 to 8.6 ppb.  

In a California citrus field study, two orange groves were sprayed by airblast, and
chlorpyrifos concentrations measured in soil, crop and non-crop foliage, invertebrates and water
adjacent to the groves.  Modeled EECs were generally comparable to measured concentrations. 
Measured chlorpyrifos levels in water ranged from 1.041 to 486 ppb, depending upon the
application scenario.   More detailed information can be found in the Environmental Fate and
Effects Assessment, June 2000.  Dead fish and other aquatic vertebrates were found in ponds
adjacent to treated groves on several occasions.  

A field study in Florida measured chlorpyrifos levels after two applications to golf course
turf at 4 lbs. ai/A, with a 21-day interval between applications.  Applications were made using
both granular and liquid sprays.  For areas treated with the liquid formulation, measured initial
mean concentrations in water were <1.0 ppb (non-detect).  The predicted Tier I EEC was 14.75
ppb, and the Tier II EEC was 29.03 ppb.  For the granular formulation, the measured initial mean
concentrations were <1.0 ppb (non-detect) and 0.905 ppb.  The predicted Tier I EECs were 13.28
ppb; the Tier II EEC was 25.31 ppb. Thus, measured chlorpyrifos concentrations were below
modeled estimates.

Monitoring results from the early 1990s indicate widespread and persistent occurrence of
chlorpyrifos in aquatic areas throughout the nation.  In a national fish monitoring study
approximately 23 percent of the fish nationwide had measurable levels of chlorpyrifos residues
(EPA 1992).  Chlorpyrifos was detected at levels up to 59 ppb in mussels in coastal California,
and in concentrations of 245 ppb in sediments in Massachusetts (NOAA, 1992). The Agency’s
Storet database reports measurable chlorpyrifos levels in biota in 12 states and in one water
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sample. It is uncertain whether the chlorpyrifos levels in aquatic organism tissues are sufficient to
adversely affect exposed organisms. 

Chlorpyrifos was detected in storm water runoff in the San Francisco Bay area in 1994-
1995 at levels that exceed the California Department of Fish and Game water quality criterion of
15 ng/L (pptr). Approximately 80 percent of the samples collected from Sacramento and
Stockton exceeded the water quality criterion.  In the San Francisco Bay area, approximately 75
percent of the samples collected exceeded the water quality criterion.  Rainfall samples also
collected in the San Francisco area contained chlorpyrifos at levels toxic to Ceriodaphnia. 

7) Risks to Piscivorous Birds and Mammals from
Bioconcentration of Chlorpyrifos in the Food Chain

At high application rates, chlorpyrifos levels in fish and aquatic invertebrates could exceed
the avian subacute dietary toxicity value (136 ppm) and reproductive NOAELs for birds (25 ppm)
and mammals (10 ppm).  

8) Risks to Nontarget Plants

Plant toxicity studies are not currently required for insecticides.  However, chlorpyrifos
toxicity data are available for one out of five recommended aquatic plant species.  Based on
toxicity values for three estuarine algal species (only one recommended species), risk quotients for
the highest exposures do not exceed any level of concern.  However, the EC50 for all three algal
species were exceeded by measured chlorpyrifos levels in some water samples found in the citrus
field study. 

3. Risk Characterization of TCP

A full set of acute studies has been submitted using TCP as the test substance.  Studies
indicate that TCP’s acute toxicity ranges from moderately toxic to practically non-toxic.  TCP is
less acutely toxic than chlorpyrifos, hence risks to fish and wildlife would appear to be reduced as
chlorpyrifos degrades.

4. Risk Quotients for Major Use Sites

a. Corn

Corn is the largest use site for chlorpyrifos in terms of pounds of active ingredient applied
per year.  The Agency estimates that for the years 1987-1999, an average of approximately 5.5
million lbs. ai per year were applied to corn.  Based on that usage data, chlorpyrifos was applied
to approximately 7% of corn grown in the U.S.  A typical application on corn is an at-plant
granular treatment at 1.1 lbs. ai/A.
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Wildlife utilization of corn fields is high with a broad diversity of avian and mammalian
species.  Wildlife reported to feed in corn fields include quail, grouse, partridge, pheasant, prairie
chicken, ducks, doves, songbirds, red fox, muskrat, opossum, raccoon and deer.  Bobwhite quail,
pheasant and rabbits also nest and brood young in corn fields.

Applications of spray and granular formulations to corn result in risk quotients which
indicate acute risks to small terrestrial mammals, birds and aquatic organisms, except estuarine
algae.  In a field study evaluating use on corn, forty-four carcasses collected in and around the
treated site.  Seven carcasses were analyzed for chlorpyrifos and three carcasses were found to
contain residues of chlorpyrifos.   The field study did not monitor for aquatic effects, but
measured chlorpyrifos residues at a mean level of 66.9 ppb adjacent to treated fields.  

A comparison of risk quotients for various application scenarios in Table 22 indicates that
risks are lowest with the ground application.  Approximately 98% of chlorpyrifos use on corn is
by ground application.  Risk quotients for aquatic species from a ground application are about
28% lower than for a single aerial application at the same application rate.  Aquatic risks in
shallow ponds (2 meters deep) will be greater than in deeper ponds (3 meters deep); risks are
higher in standing waters, marshes and swamps than they are in shallow ponds.

Granular treatments to corn at pre-plant, at plant, at cultivation, whorl and tassel stages
indicate high risks to many species from all four treatment scenarios.  Risk quotients exceed the
high risk LOCs for all wildlife categories, except mammals weighing 1,000 grams.

Table 22.  Ranges of Risk Quotients for Chlorpyrifos Use on Corn

Application Method
Exposure
Scenario Mammals Birds

Fresh-
water
Fish

Aquatic
Inverts.

Estuar-
ine Fish

Estuarine
Inverts.

Ground spray,
preplant, 1 app.@ 3
lbs. ai/A, 2" soil
incorporation

Acute 0.014-7.1 -- 1.5 28 2.9 79

Subacute 0.03-0.54 0.33 – 5.3 -- -- -- --

Reproduction
NOAEL/NOAEC

4.5-26 1.8-19 2.2-3.8 32-54 4.6-7.8 >280 -
>470

Ground spray,
postemergence/ foliar,
1 app. @  1.5 lbs.
ai/A

Acute 0.007-3.5 -- 3.1 55 5.7 160

Subacute 0.02-0.27 0.17-2.6 -- -- -- --

Reproduction
NOAEL/NOAEC

2.3-13 0.92-5 4.7-8.4 68-120 9.6-17 >590->1000

Aerial spray,
postemergence/foliar,
1 app. @ 1.5 lbs. ai/A

Acute 0.007 -
3.5

-- 4.3 77 8 220

Subacute 0.017 -
0.27

0.17 -
2.6

-- -- -- --

Reproduction
NOAEL/NOAEC

2.3 - 36 0.92 - 14 6.7 - 12 95 -
170

14 - 24 > 830 >
1500
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Ground spray,
postemergence/ foliar,
3 apps. @  1.5 lbs.
ai/A, 14-day intervals

Acute 0.009-4.6 -- 13 240 25 690

Subacute 0.02-0.35 0.22-3.5 -- -- -- --

Reproduction
NOAEL/NOAEC

3-17 1.2-6.7 21-38 290-
540

42-77 >2500-
>4700

Aerial spray,
postemergence/ foliar,
11 apps. @ 1 lb. ai/A,
3-day  intervals

Acute 0.017-8.8 -- 19 340 35 970

Subacute 0.04-0.68 0.41-6.6 -- -- -- --

Reproduction
NOAEL/NOAEC

5.6-90 2.2-36 42-49 590 -
700

85-100 >5200
>6100

Granular, ground
broadcast, preplant, 1
app. @ 1.1 lbs. ai/A,
4" soil incorporation
(typical rate, modeled
on Iowa soil)

Acute 0.018 -
1.1

6.1 0.54 9.8 1.0 28

Reproduction
NOAEL/NOAEC

-- -- 0.77 -
1.4

11 - 19 1.6 -
2.8

>95 >167

Granular, ground
broadcast, preplant, 1
app. @ 1.1 lbs. ai/A,
4" soil incorporation
(typical rate, modeled
on Mississippi soil)

Acute 0.018 -
1.1

6.1 1.5 27 2.8 77

Reproduction
NOAEL/NOAEC

-- -- 2.3 -
3.9

32 - 55 4.6 -
7.9

>280
>480

Granular, ground
broadcast, preplant, 1
app. @ 2 lbs. ai/A, 4"
soil incorporation

Acute 0.032-2.1 11 0.92 17 1.7 47

Reproduction
NOAEL/NOAEC

NA2 -- 1.4-2.5 20-36 2.9-5.1 >180
>310

Granular, at-plant, 7"
band or T-band, 1
app. @ 1.8 oz/1000
row feet, 1" soil
incorporation

Acute 0.13-8.5 46 3.7 66 6.9 190

Reproduction
NOAEL/NOAEC

-- -- 5.9-10 84-140 12-21 >730
>1300

Granular,
postemergence aerial
broadcast, 2 apps. @
0.975 ai/A, 14-day
intervals, 50%
interception by plant

Acute 0.05-3.3 18 3.5 64 6.6 180

Reproduction
NOAEL/NOAEC

-- -- 5.4-9.6 78-140 11-20 >670
>1200
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b. Cover Crops

Risk quotients for alfalfa, clover and grass grown for seed, mint and wheat are
summarized in Table 23.  Chlorpyrifos applications to these crops are largely limited to liquid
formulations.  Runoff from foliar applications to cover crops is expected to be lower than to crops
grown on plowed or bare ground.  The GENEEC and PRZM3-EXAMS Models estimate EECs
for row crops, but data on runoff are unavailable to model EECs for vegetative ground cover. 
The degree to which ground cover reduces runoff and yields lower EECs is unknown.  Hence, the
aquatic risk quotients in the following tables for these cover crops are higher than would actually
be anticipated

Alfalfa is the major use site in this group.  Alfalfa fields are heavily utilized by a diversity
of avian and mammalian species.  Ring-necked pheasants, grouses, partridges, quail, sandhill
crane, ducks, geese, mourning dove, songbirds, rabbits, groundhogs, muskrats, deer and elk feed
in alfalfa fields to a moderate to high degree.  Many of the avian species also nest in alfalfa fields.

Table 23.  Ranges of Risk Quotients for Chlorpyrifos Use on Cover Crops 
(Alfalfa, Clover and Grass Grown for Seed, Mint, Wheat)

Crop and Application
Method

Exposure Scenario
Mammals Birds

Fresh-
water Fish

Aquatic
Inverts.

Estuar-
ine Fish

Estuarine
Inverts.

Alfalfa, granular,
at-plant, in-
furrow, 1 app. @
1 lb. ai/A, 4" soil
incorporation

Acute 0.016-1.1 5.7 3.5 8.3 0.86 24

Reproduction
NOAEL/NOAEC

-- -- 0.7-1.3 10-18 1.4-2.6 >87 >160

Alfalfa, aerial
spray,
postemergent/
foliar, 4 apps. @
1 lb. ai/A, 42-day
interval

Acute 0.005-2.4 -- 10 180 19 510

Subacute 0.011-0.18 0.11-1.8 -- -- -- --

Reproduction
NOAEL/NOAEC

1.5-8.5 0.6-3.4 15-28 220-400 31-57 >1900
>3500

Alfalfa, aerial
spray,
postemergence/
foliar, 1 app. @
0.7 lbs. ai/A

Acute 0.003-1.6 -- 2 36 3.7 100

Subacute 0.008 -
0.13

0.08-1.2 -- -- -- --

Reproduction
NOAEL/NOAEC

1.1-6 0.42-2.4 3-5.5 52-78 6.1-11 >370
>680

Clover grown for
seed, ground
spray, preplant
and foliar, 2 apps.
@ 2 lbs. ai/A, 14-
day interval

Acute 0.012-5.9 -- 8.3 150 16 430

Subacute 0.25 - 0.45 2.5-4.4 -- -- -- --

Reproduction
NOAEL/NOAEC

8.8 - 21 3.6 - 8.5 13-23 180-
320

26-46 >1600
>2800
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Grass grown for
seed, aerial spray,
foliar, 3 apps. @
1 lb. ai/A, 7-day
intervals

Acute 0.008-4.1 -- 9.4 170 18 490

Subacute 0.18-0.32 1.7-3.1 -- -- -- --

Reproduction
NOAEL/NOAEC

6.2 - 15 2.4 - 6 14-26 200-
380

29-54 >1700
>3300

Mint, ground
spray, foliar, 1
app. @ 2 lbs.
ai/A

Acute 0.009-4.7 -- 4.1 74 7.7 210

Subacute 0.023-0.36 0.22-3.5 -- -- -- --

Reproduction
NOAEL/NOAEC

3-17 1.2-6.7 6.5 -11 93-160 13-23 >810
>1400

Wheat, aerial
spray, foliar, 2
apps. @ 0.5 lb.
ai/A, 7-day
interval

Acute 0.004-1.8 -- 3.1 55 5.7 160

Subacute 0.01-0.14 0.096-1.3 -- -- -- --

Reproduction
NOAEL/NOAEC

1.3-6.4 0.52-2.6 4.6-8.6 65-120 9.3-18 >570
>1100

Winter wheat,
aerial spray,
foliar, 1 app. @
0.47 lb. ai/A
(typical)

Acute 0.002-1.1 -- 1.3 24 2.5 69

Subacute 0.005 -
0.085

0.05-0.83 -- -- -- --

Reproduction
NOAEL/NOAEC

0.18 - 3.9 0.07 - 1.6 2-3.7 28-53 4-7.6 >240
>460

c. Peanuts

Risk quotients for use on peanuts are shown in Table 24.  About 1.5 percent of total
chlorpyrifos poundage is used on peanuts and is applied to 10-15 percent of the approximately
1,600,000 acres of peanuts in the U.S.  The granular formulation is the primary treatment on
peanuts.  The Agency estimates that the typical use rate is 1.1 granular applications at an average
of 1.8 lbs ai/A on approximately 160,000 to 240,000 acres.  The leading states using chlorpyrifos
in decreasing order of poundage are Georgia, North Carolina, Virginia and Alabama.

Wildlife utilization of peanut fields is relatively high with a fair diversity of avian and
mammalian species.  Wildlife reported to feed with moderate to high frequency in peanuts fields
include bobwhite quail, doves, songbirds, waterfowl, wild turkey, rabbits, squirrels, raccoons,
opossum, and deer.  Bobwhite quail is the only species specifically listed as nesting in peanut
fields.

Table 24.  Range of Risk Quotients for Chlorpyrifos Use on Peanuts
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Application Method
Exposure
Scenario Mammals Birds

Fresh-
water
Fish

Aquatic
Inverts.

Estuar-ine
Fish

Estuarine
Inverts.

Ground spray,
preplant, 1 app. @
2 lbs. ai/A, 4" soil
incorporation

Acute 0.009-4.7 -- 1.4 24 2.5 70

Subacute 0.023-0.36 0.22-3.5 -- -- -- --

Reproduction
NOAEL/NOAEC

3-17 1.2-6.7 2.2-3.8 31-54 4.4-7.8 >270
>470

Granular, 6" band,
at-plant, 1 app. @
2.25 oz ai/1000 ft,
4" soil incorp.
(typical)

Acute 0.2-13 68 1.4 25 2.6 71

Reproduction
NOAEL/NOAEC

-- -- 2.2-3.8 32-54 4.5-7.8  >270
>470

Granular, aerial
broadcast, early
pegging, 1 app. @
1.95 lbs ai/A

Acute 0.21-13 71 0.92 17 1.7 47

Reproduction
NOAEL/NOAEC

-- -- 1.5-2.5 21-36 3-5.1 >180
>320

Spray (preplant, 4"
incorporation)
followed by
granular (early
pegging, aerial
broadcast), 2 apps.
@ 2 lbs. ai/A, 40-
day interval

Acute NA1 NA 5.2 94 9.8 270

Reproduction
NOAEL/NOAEC

NA NA 7.5-13 110-180 15-26 >930
>1600

1 The Agency currently has no methodology for assessing risks from a combination of spray and granular
formulations for terrestrial organisms.  Therefore, only aquatic risks were assessed for this scenario.

d. Cotton

Risk quotients for use on cotton are shown in Table 25.  The major chlorpyrifos use
pattern on cotton is six foliar spray applications per season.  The Agency estimates that about 3.2
percent of the total chlorpyrifos use is applied to up to 6 percent of the approximately 12,400,000
acres of cotton in the U.S.  The typical average chlorpyrifos usage on cotton is 1.7 applications at
0.6 lbs ai/A on approximately 640,000 to 800,000 acres.  The leading states using about 84
percent of the chlorpyrifos applied to cotton in decreasing order of poundage are Arizona,
Mississippi, and California, Texas, and Louisiana.

Wildlife utilization of cotton fields is low to moderate.  Wildlife that feed in cotton fields
include quail, pheasant, doves, songbirds, rabbits, raccoon, and deer with a low to high degree of
use.  Bobwhite quail, pheasant (brood-rearing), and rabbits also nest and brood young in cotton
fields. 

Table 25.  Range of Risk Quotients for Chlorpyrifos Use on Cotton
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Application Method
Exposure
Scenario Mammals Birds

Fresh-
water Fish

Aquatic
Inverts. Estuarine

Fish

Estuarine
Inverts.

Aerial spray,
foliar, 6 apps. @
1 lb. ai/A, 3-day
intervals

Acute 0.015-7.6 -- 15 270 28 780

Subacute 0.036-
0.58

0.36-5.7 -- -- -- --

Reproduction
NOAEL/NOAEC

4.9-28 1.9-11 30-40 340-570 62-82 >3800
>5000

Aerial spray,
foliar, 1 app. @
0.6 lb. ai/A

Acute 0.002-1.2 -- 0.77 14 1.5 40

Subacute 0.007 -
0.09

0.055-
0.89

-- -- -- --

Reproduction
NOAEL/NOAEC

0.75-4.2 0.3-1.7 1.1-1.9 15-28 2.1-3.9 >130
>240

e. Citrus

Risk quotients for use on citrus are shown in Table 26.  Citrus use represents about 3
percent of the total chlorpyrifos poundage.  Chlorpyrifos is applied to oranges on about 60
percent of the total US acreage; grapefruit on about 12-16 percent or approximately 23,000 to
32,000 acres; lemons on about 30-43 percent or approximately 19,000 to 27,000 acres; and other
citrus (including kumquats, limes, tangelos and tangerines) on about 16-32 percent of the total US
acreage or about 8,000 to 16,000 acres.  Maximum and typical risks for chlorpyrifos on citrus are
assessed only for applications to oranges, because oranges represent the highest use rate and
largest acreage of any citrus crop.

Wildlife utilization of citrus groves ranges from low to high for a diversity of avian and
mammalian species (Gusey and Maturgo 1973).  Mammals reported to feed moderately in citrus
groves include raccoons and deer.  Mourning doves, pheasants and 13 species of birds are listed
as nesting in citrus groves.  During the California orange field study in which two airblast
applications were made, between 188 to 561 birds were observed in orange groves.  Wildlife
carcasses with chlorpyrifos residues found in the field study included a mockingbird, ground
squirrel, pocket gopher and a western rattlesnake.
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Table 26.  Range of Risk Quotients for Chlorpyrifos Use on Citrus

Application Method
Exposure
Scenario Mammals Birds

Fresh-
water Fish

Aquatic
Inverts.

Estuarine
Fish

Estuarine
Inverts.

Airblast spray,
foliar, 2 apps.
@3.5 lbs. ai/A,
30-day interval,
5% spray drift

Acute 0.017-8.7 -- 21 370 39 1100

Subacute 0.041-
0.66

0.4-6.5 -- -- -- --

Reproduction
NOAEL/NOAEC

5.5-88 2.2-35 33-54 470-770 67-110 >4100
>6700

Ground spray or
sprinkler
irrigation, 10
apps. @ 1 app.,
7-day interval

Acute 0.08-2.6 -- 19 340 35 970

Subacute 0.02-0.2 0.22-2 -- -- -- --

Reproduction
NOAEL/NOAEC

3-27 1.2-11 30-53 420-750 61-110 >3700
>6500

Airblast spray,
foliar, 1 app. @ 6
lbs. ai/A, 5%
spray drift

Acute 0.028-14 -- 17 310 32 880

Subacute -- 0.66-11 -- -- -- --

Reproduction
NOAEL/NOAEC

0-140 3.6-58 27-48 390-690 56-99 >3400
>6000

f. Golf Course Turf

  Risk quotients for use on golf course turf are shown in Table 27.  The volume of
chlorpyrifos applied nationally on golf course turf and typical use rates have not been reported. 
Comparison of risk quotients for spray and granular applications on golf course turf at the same
use rates suggest that the granular formulation is more acutely toxic to birds, mammals and other
terrestrial species, while the spray formulation is only slightly more toxic to aquatic species.  It is
important to note that the risk quotients shown in Table 27 are based on application at the rate of
4 lbs. ai/A.  Mitigation agreed to in June 2000 reduced the maximum application rate on golf
course turf to 1 lb. ai/A.  Therefore, actual RQs will be considerably lower than those shown
below.

Table 27.  Range of Risk Quotients for Chlorpyrifos Use on Golf Course Turf(a)

Application Method
Exposure
Scenario Mammals Birds

Fresh-
water Fish

Aquatic
Inverts.

Estuarine
Fish

Estuarine
Inverts.

Ground spray, 2
apps. @ 4 lbs.
ai/A, 30-day
interval

Acute 0.097-9.9 -- 16 290 30 830

Subacute 0.43-0.76 4.2-7.4 -- -- -- --

Reproduction
NOAEL/NOAEC

57-100 23-58 26-456 370-640 52-91 >3200
>5500
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Granular, soil
broadcast, 2 apps.
@ 4 lbs. ai/A, 30-
day interval

Acute 0.43-28 -- 14 250 26 720

Subacute -- 150 -- -- -- --

Reproduction
NOAEL/NOAEC

NA -- 22-39 320-550 46-79 >2800
>4800

(a) Mitigation agreed to in June, 2000, reduced the maximum application rate to golf course turf to 1 lb. ai/A. 
Therefore, actual RQs will be considerably lower than those shown.

Risk quotients for use on other, minor crops can be found in the Environmental Fate and
Effects Assessment, June 8, 2000, located in the public docket and on the internet at
www.epa.gov/pesticides/op.

5. Incidents

Bird kills involving mallard ducklings, geese, other waterfowl, robins and a bluebird have
been reported for chlorpyrifos, most of which occurred following golf course and lawn
treatments.  These incidents were reported between 1974 and 1992.  In some cases, carcass
analysis detected more than one pesticide per carcass.  Determination of the presence of
chlorpyrifos in an animal or carcass only indicates that the animal was exposed.  

Aquatic mortality incidents have also been reported, most of which were related to
perimeter applications around residences.  Incidents were reported between 1975 and 1992.  

The preceeding assessment indicates potential risks of concern to nontarget species. 
However, it should be noted that some mitigation measures implemented as a result of the June
2000 agreement are not reflected in the assessment.  For example, all outdoor residential uses and
most outdoor non-residential uses have been eliminated.  The few remaining outdoor uses, golf
courses, road medians and industrial plant sites are now limited to 1 lb. ai/A (reduced from 4 lbs.
ai/A).  These measures are expected to result in significant reductions in the levels of chlorpyrifos
in surface water, particularly in urban areas.

To address ecological risk from the agricultural uses of chlorpyrifos, additional measures
including rate reductions, aquatic buffer zones, seasonal limits and increased intervals between
applications will be needed.  These are outlined in the following section.

IV. Interim Risk Management and Reregistration Decision

A. Determination of Interim Reregistration Eligibility

Section 4(g)(2)(A) of FIFRA calls for the Agency to determine, after submissions of
relevant data concerning an active ingredient, whether products containing the active ingredient
are eligible for reregistration.  The Agency has previously identified and required the submission
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of the generic (i.e., active ingredient specific) data required to support reregistration of products
containing the active ingredient chlorpyrifos.  

The Agency has completed its assessment of the occupational and ecological risks
associated with the use of chlorpyrifos, as well as a chlorpyrifos-specific dietary risk assessment
that has not considered the cumulative effects of organophosphates as a class.  Based on a review
of  these data and public comments on the Agency’s assessments for the active ingredient
chlorpyrifos, EPA has sufficient information on the human health and ecological effects of
chlorpyrifos to make interim decisions as part of the tolerance reassessment process under
FFDCA and reregistration under FIFRA, as amended by FQPA.  Taking into account both risks
and benefits, the Agency has determined that, with the exception of open-pour dust formulations
for fire ant control, products containing chlorpyrifos uses are eligible for reregistration provided
that:  (i) current data gaps and additional data needs are addressed; (ii) the risk reduction
measures outlined in this document as well as those in the Memorandum of Agreement of June
2000 are adopted, and label amendments are made to reflect these measures; and (iii) cumulative
risks considered the organophosphates support a final reregistration eligibility decision.  Label
changes are described in Section IV.  Appendix B identifies the generic data requirements that the
Agency reviewed as part of its interim determination of reregistration eligibility of chlorpyrifos
products, and lists the submitted studies that the Agency found acceptable.   

Although the Agency has not yet considered cumulative risks of the organophosphates,
the Agency is issuing this interim assessment now in order to identify risk reduction measures that
are necessary to support the continued use of chlorpyrifos.  Based on its current evaluation of
chlorpyrifos alone, the Agency has determined that chlorpyrifos products, unless labeled and used
as specified in this document, would present risks inconsistent with FIFRA.  Accordingly, should
a registrant fail to implement appropriate risk mitigation measures, the Agency will take
regulatory action to address the risk concerns from use of chlorpyrifos.

At the time that a cumulative assessment is conducted, the Agency will address any
outstanding risk concerns.  For chlorpyrifos, if all changes outlined in this document are
incorporated into the labels, risks will be mitigated to acceptable levels taking into account the
benefits of chlorpyrifos use where appropriate.  But, because this is an interim RED, the Agency
may take further actions, if warranted, to finalize the reregistration eligibility decision for
chlorpyrifos products after assessing the cumulative risk of the organophosphate class.  Such an
incremental approach to the reregistration process is consistent with the Agency’s goal of
improving the transparency of the reregistration and tolerance reassessment processes.  By
evaluating each organophosphate in turn and identifying appropriate risk reduction measures, the
Agency is addressing the risks from the organophosphates in as timely a manner as possible.  

Because the Agency has not yet considered cumulative risks for the organophosphates,
this reregistration eligibility decision does not fully satisfy the reassessment of the existing
chlorpyrifos food residue tolerances as called for by FQPA.  When the Agency has considered
cumulative risks, chlorpyrifos tolerances will be reassessed in that light.  At that time, the Agency
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will reassess chlorpyrifos along with the other organophosphate pesticides to complete the FQPA
requirements and make a final reregistration eligibility determination.  By publishing this interim
decision on reregistration eligibility and requesting mitigation measures now for the individual
chemical chlorpyrifos, the Agency is not deferring or postponing FQPA requirements; rather,
EPA is taking steps to assure that uses which EPA has already determined exceed FIFRA’s
unreasonable risk standard do not remain on the label, pending completion of assessment required
under the FQPA.  This decision does not preclude the Agency from making further FQPA
determinations and tolerance-related rulemakings that may be required on this pesticide or any
other in the future.  

If the Agency determines, before finalization of the RED, that any of the determinations
described in this interim RED are no longer appropriate, the Agency will pursue appropriate
action, including but not limited to, reconsideration of any portion of this interim RED.

B. Regulatory Position

1. FQPA Assessment

a. “Risk Cup” Determination

As part of the FQPA tolerance reassessment process, EPA assessed the risks associated
with this organophosphate.  The assessment is for this individual organophosphate, and does not
attempt to fully reassess these tolerances as required under FQPA.  FQPA requires the Agency to
evaluate food tolerances on the basis of cumulative risk from substances sharing a common
mechanism of toxicity, such as the toxicity expressed by the organophosphates through a common
biochemical interaction with the cholinesterase enzyme.  The Agency will evaluate the cumulative
risk posed by the entire class of organophosphates once the methodology is developed and the
policy concerning cumulative assessments is resolved.  

EPA has determined that risk from exposure to chlorpyrifos is within its own “risk cup.” 
In other words, if chlorpyrifos did not share a common mechanism of toxicity with other
chemicals, EPA would be able to conclude today that the tolerances for chlorpyrifos meet the
FQPA safety standards.  In reaching this determination EPA has considered the available
information on the special sensitivity of infants and children, as well as the chronic and acute food
exposure.  An aggregate assessment was conducted for exposures through food, residential uses
and drinking water.  Results of this aggregate assessment indicate that the human health risks
from these combined exposures are considered to be within acceptable levels; that is, combined
risks from all exposures to chlorpyrifos “fit” within the individual risk cup.  Therefore, except for
tolerances that will be revoked as indicated in Tables 28 and 29, the chlorpyrifos tolerances
remain in effect and unchanged until cumulative risks from all organophosphates are considered. 
Tolerances indicated in Table 28 and 29 that can be revoked will be revoked now.

b. Tolerance Summary
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In the individual assessment, established tolerances for residues of chlorpyrifos in/on raw
agricultural, animal, and processed food/feed commodities [40 CFR §180.241] are presently
expressed in terms of either the combined residues of chlorpyrifos and its metabolite 3,5,6-
trichloro-2-pyridinol (TCP) or as chlorpyrifos per se.  The Agency has determined that residues of
TCP are not of concern for dietary risk and can therefore be excluded from the tolerance
expression.  The tolerance levels should be amended to reflect residues of chlorpyrifos per se. 
Based on the Agency's decision to change the tolerance expression, the tolerances listed in 40
CFR need to be reorganized as shown in Table 28.  A summary of the tolerances is included in
Table 29.

Table 28.  Reorganization of Tolerances for Chlorpyrifos
Current Tolerance Tolerance Reassessment*

 40 CFR Expression [Restrictions] 40 CFR Tolerance Expression [Restrictions]

§180.342 (a)(1) Chlorpyrifos and TCP. §180.342 (a)(1) Chlorpyrifos per se.
§180.342 (a)(2) Chlorpyrifos per se. §180.342 (a)(1) Transfer all tolerances under this

section to §180.342 (a)(1) at their
respective proposed levels.  

§180.342(a)(3) [Provisions on safe use of
chlorpyrifos on food-handling
establishments].

§180.342(a)(2) Conditions for safe use of chlorpyrifos
on food-handling establishments.
Redesignate as §180.342(a)(2).

§180.342(a)(4) Chlorpyrifos per se (tolerances
established in food items [other than
those already covered by a higher
tolerance as a result of use on
growing crops] in food-service
establishments, as result of the
application of microencapsulated
form.

§180.342(a)(3) Chlorpyrifos per se.
Redesignate as §180.342(a)(3).

§180.342 (c)(1) Chlorpyrifos and TCP
[For regional registrations].

§180.342 (c) Chlorpyrifos per se
[For regional registrations].

§180.342 (c)(2) Chlorpyrifos per se
[For regional registrations].

Delete §180.342 (c)(2) section since
all tolerances under this section are to
be revoked (no registered uses).

* The term “reassessed” here is not meant to imply that the tolerance has been reassessed as required by FQPA, since this
tolerance may be reassessed only upon completion of the cumulative risk assessment of all organophosphates, as required by
this law.  Rather, it provides a tolerance level for this single chemical, if no cumulative assessment was required, that is
supported by all of the submitted residue data.  

Table 29.  Tolerance Summary for Chlorpyrifos.
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Commodity

Current
Tolerance

(ppm)

Tolerance
Reassessment*

(ppm)
[Correct Commodity Definition]/

Comments

Tolerances Listed Under 40 CFR §180.342(a)(1)

Alfalfa, forage 3 3

Alfalfa, hay 13 13

Almonds 0.2 0.2 [Almond].

Almonds, hulls 12.0 12.0 [Almond, hulls].

Apple, pomace, wet None 0.02 [Apple, wet pomace]
Proposed tolerance (0.01 ppm) and average concentration
factor (2.1). 

Apples 1.5 0.01 [Apple].

Aspirated grain
 fractions

None TBD [Grain, aspirated grain fractions].
A 0.5 ppm tolerance was recommended for corn aspirated
grain fractions based on a concentration factor of -10x in
the <420 µ dust fraction (see CBRS No. 11372, D188151,
S. Knizner, 8/26/93).  Additional data are required for
sorghum, soybean, and wheat aspirated grain fractions
before a tolerance for aspirated grain fractions can be
established (see "Aspirated Grain Fractions (Grain Dust): 
A Tolerance Perspective", E.Saito and E.Zager, 6/7/94.

Bananas, whole 0.1 0.1

Bananas, pulp with peel
removed

0.01 0.01

Bean, forage 0.7 Revoke Not a feed item Table 1 (OPPTS 860.1000)

Beans, lima 0.05 Reassign Covered by legume vegetables group.

Beans, lima, forage 1.0 Revoke Not a food/feed item.

Beans, snap 0.05 Reassign Covered by legume vegetables group.

Beans, snap, forage 1.0 Revoke Not a food/feed item.

Beets, sugar, molasses 15.0 15.0 [Beet, sugar, molasses].

Beets, sugar, pulp (dried) 5.0 5.0 [Beet, sugar, dried  pulp]. 

Beets, sugar, roots 1.0 1.0 [Beet, sugar, roots].

Beets, sugar, tops 8.0 8.0 [Beet, sugar, tops].

Blueberries 2 (1) a Revoke No registered uses exist.

Broccoli 1 Reassign Covered by Vegetable, Brassica, leafy, group.

Brussels sprouts 1 Reassign Covered by Vegetable, Brassica, leafy, group.

Cabbage 1 Reassign Covered by Vegetable, Brassica, leafy, group.

Caneberries 1.0 Revoke No registered uses exist.

Cattle, fat 0.3 0.3

Cattle, meat and meat
byproducts

0.05 0.05 [Cattle, meat]

0.05 0.05 [Cattle, meat byproducts]

Cauliflower 1 Reassign Covered by Vegetable, Brassica, leafy, group.
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Current
Tolerance

(ppm)

Tolerance
Reassessment*

(ppm)
[Correct Commodity Definition]/

Comments
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Cherries 1 TBD [Cherries, sweet] Additional data and/or label revisions
are required.

TBD [Cherries, tart]  Additional data and/or label revisions are
required.

Chinese cabbage 1 Reassign Covered by Vegetable, Brassica, leafy, group.

Citrus fruits 1.0 1.0 [Fruit, citrus, group].

Citrus oil 25.0 20

Citrus pulp, dried 5.0 5.0 [Citrus, dried  pulp].

Clover, forage None TBD

Clover, hay None TBD

Corn, fresh (inc. sweet K-
CWHR)

0.1 0.05 [ Corn, sweet , kernel plus cob with husks removed].

Corn, field, grain 0.05 0.05

Corn, forage 8 8 [Corn, field, forage]

8 8 [Corn, sweet, forage]

Corn, fodder 8 8 [Corn, field, stover]

8 8 [Corn, sweet, stover]

Corn oil 3.0 0.25 [Corn, field, refined oil]/
Recommended tolerance based on a average concentration
factor of 3.3x (see CBRS No. 11372, D188151, S.
Knizner, 8/26/93). 

Cotton, gin byproducts None TBD

Cottonseed 0.2 0.2 [Cotton, undelinted seed]

Cranberries 1.0 1.0 [Cranberry]

Cucumbers 0.05 0.05 [Cucumber]

Eggs 0.01 0.01 [Egg]

Figs 0.01 0.01 [Fig]

Filbert None 0.2 [Filbert] Use previously covered under tree nuts.

Goats, fat 0.2 0.2 [Goat, fat]

Goats, meat and meat
byproducts

0.05 0.05 [Goat, meat]

0.05 0.05 [Goat, meat byproducts]

Grass, forage None TBD

Grass, hay None TBD

Grass, seed screenings None TBD

Hogs, fat 0.2 0.2 [Hog, fat]

Hogs, meat 0.05 0.05 [Hog, meat]

0.05 0.05 [Hog, meat byproducts]
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Horses, fat 0.25 0.25 [Horse, fat]

Horses, meat 0.25 0.25 [Horse, meat]

0.25 0.25 [Horse, meat byproducts]

Kiwifruit 2.0 2.0

Legume vegetables,
succulent or dried (except
soybeans)

0.05 0.05 [ Vegetable, legume, group]

Lettuce None 1 Recommended tolerance from PP#4F03132.

Macadamia nut None 0.2 Use previously covered under tree nuts.

Milk, fat 0.25 0.25 [Milk fat (reflecting 0.01 ppm in whole milk)]/
Recommended tolerance from PP#3F2884.

Milk, whole 0.01 Reassign Covered by tolerance from milk fat (reflecting 0.01 ppm
in whole milk).

Mint, hay 0.8 0.8 [Peppermint, tops]

0.8 [Spearmint, tops] 

Mushrooms 0.1 Revoke No registered uses exist.

Nectarines 0.1 Revoke [Nectarine]

Onions (dry bulb) 0.5 0.5 [Onion, dry bulb)]. 

Pea forage 0.7 Revoke Not a feed item (Table 1, OPPTS 860.1000)

Peaches 0.05 0.05 [Peach]

Peanuts 0.2 0.2 [Peanut, nutmeat].

Pears 0.05 0.05

Plums (fresh prunes) 0.05 0.05 [Plums] 

Pecan None 0.2 Use previously covered under tree nuts.

Peppers 1.0 1.0 [Pepper] Chlorpyrifos labels from foreign countries that
import peppers to the U.S. are required. 

Poultry, meat, fat, and meat
byproducts (inc. turkeys)

0.1 0.1 [Poultry,fat]

0.1 [Poultry, meat]

0.1 [Poultry, meat byproducts]

Pumpkins 0.05 0.05 [Pumpkin]

Radishes 2 2 [Radish]

Rutabagas 0.5 0.5 [Rutabaga, root]

Seed and pod vegetables 0.1 Revoke Uses of chlorpyrifos on dill and okra, for which this
obsolete crop group was supposed to cover, have been
deleted.

Sheep, fat 0.2 0.2

Sheep, meat and meat
byproducts

0.05 0.05 [Sheep, meat]

0.05 [Sheep, meat byproducts]
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Soybean grain 0.3 0.3 [Soybean, seed].

Soybean forage 0.7 Revoke Feeding may be restricted on the label.

Sorghum, fodder 6.0 2.0 [Sorghum, grain, stover].  Recommended tolerance from
PP#4F3008/FAP#1H5295.

Sorghum, forage 1.5 0.5 [Sorghum, grain, forage].

Sorghum, grain 0.75 0.5 [Sorghum, grain, grain].

Sorghum milling fractions 1.5 Revoke According to Table 1, OPPTS Test Guidelines 860,
August 1996, sorghum flour is used exclusively in the US
as a component for drywall, not as either a human or
animal feed item.  

Strawberries 0.2 0.2 [Strawberry].

Sugarcane 0.01 Revoke No registered uses exist.

Sunflower, seeds 0.25 0.1 [Sunflower, seed].  Recommended tolerance from
PP#4F3008/FAP#1H5295.

Sweet potatoes 0.05 0.05 [Sweet potato, root].

Tomatoes 0.5 Revoke As part of risk mitigation, chlorpyrifos registrants have
agreed to cancel use on tomatoes.

Tree nuts 0.2 Reassign Individual tolerances exist for almond and walnut, and are
being established for filbert, pecan, and macadamia nut.

Turnip greens 0.3 0.3 [Turnip, tops].

Turnips 1 1 [Turnip, root].

Vegetables, leafy, Brassica
(cole)

2.0 (1.0) a 1.0 [Vegetable, Brassica, leafy, group].

Walnuts 0.2 0.2 [Walnut].

Wheat, forage 3 3

Wheat, grain 0.5 0.5

Wheat, hay None TBD

Wheat, straw 6 6

Tolerances Listed Under 40 CFR §180.342(a)(2)

Milling fractions (except
flour) of wheat

1.5 Reassign Wheat tolerance for wheat (0.5 ppm) will cover processed
milling fractions under the revised procedures for the
determination of need for food additive tolerances.

Mint oil 8 8 [Peppermint, oil]

8 [Spearmint, oil]

Peanut oil 0.4 0.2 [Peanut, refined oil]
Revised procedures for calculating food additive tolerance
values.  (HAFT (0.11) x average  processing factor (1.7)). 

Tolerances Listed Under 40 CFR §180.342(c)(1)
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Asparagus 5.0 5.0 Label revision is required.

Dates 0.5 (0.3) a Revoke [Date] 
No registered uses exist.

Grapes 0.5 0.01 [Grape] 
Tolerance based on currently registered US use pattern. 

Leeks 0.5 (0.2) a Revoke [Leek] 
No registered uses exist.

Tolerances Listed Under 40 CFR §180.342(c)(2)

Cherimoya 0.05 Revoke No registered uses exist.

Feijoa (pineapple guava) 0.05 Revoke No registered uses exist.

Sapote 0.05 Revoke No registered uses exist.

* The term “reassessed” here is not meant to imply that the tolerance has been reassessed as required by FQPA, since this
tolerance may be reassessed only upon completion of the cumulative risk assessment of all organophosphates, as required by
this law.  Rather, it provides a tolerance level for this single chemical, if no cumulative assessment was required, that is
supported by all of the submitted residue data.  

The Agency will commence proceedings to revoke, modify the existing tolerances, and
correct commodity definitions.  The establishment of a new tolerance or raising tolerances will be
deferred, pending the outcome of the cumulative assessment.      

c. Codex Harmonization

Residue data used to establish U.S. tolerances were examined to determine if U.S.
tolerance levels could be adjusted to harmonize with Codex Maximum Residue Limits (MRLs). 
Whenever possible, tolerance levels were changed to achieve harmonization.

Several maximum residue limits (MRLs) for chlorpyrifos have been established by Codex
in various commodities as shown below in Table 30.  The Codex MRLs (expressed in terms of
chlorpyrifos per se) and the U.S. tolerance expression will be compatible when TCP is deleted
from the U.S. tolerance expressions.

Compatibility between the U.S. tolerances and Codex MRLs exists for cabbage, Chinese;
kale [Brassica (cole) leafy vegetables group]; kiwifruits; milks; and poultry meat.  Further
harmonization of U.S. tolerances and Codex MRLs on other commodities are not feasible at this
time.  U.S. tolerances are based on domestic use patterns supported by domestic field trial data. 
Codex MRLs may differ from U.S. tolerances because of different use patterns in foreign
countries.
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Table 30.  Codex MRLs and Applicable U.S. Tolerances

Commodity
MRL

 (mg/kg) a
U.S. Tolerance

 (ppm) b
Recommendation/

Comments

Apple 1 0.01 --

Cabbages, head 0.05 c 1 --

Carrot 0.5 None --

Cattle meat 2 (fat) 0.05 --

Cauliflower 0.05 c 1 --

Celery 0.05 c None --

Chicken meat 0.1 (fat) 0.1 Compatibility exists.

Chinese cabbage, type "Pe-tsai" 1 1 Compatibility exists.

Citrus fruits 0.3 1.0 --

Common bean (pods and/or
immature seeds)

0.2 0.05 (Legume
vegetables group,
except soybeans)

--

Cottonseed 0.05 c 0.2 --

Cotton seed oil, crude 0.05 c None --

Dried grapes 2 0.5 Recommend increase to 1.0.

Eggplant 0.2 None --

Eggs 0.05 c 0.01 --

Grapes 1 0.01

Kale 1 1 (Brassica (cole) leafy
vegetables group)

Compatibility exists.

Kiwifruit 2 2.0 Compatibility exists.

Lettuce, head 0.1 1 (proposed) --

Milk 0.01 c 0.01 Compatibility exists.

Mushrooms 0.05 c Revoke No registered US use.

Onion, bulb 0.05 c 0.5 --

Pear 0.5 0.05 --

Peppers 0.5 1.0 --

Potato 0.05 c None --

Raspberries, red, black 0.2 1.0 (caneberries) --

Rice 0.1 None --

Sheep meat 0.2 (fat) 0.05 --

Sugar beet 0.05 c Revoke No registered US use.

Tomato 0.5 Revoke Use in US canceled.

Turkey meat
0.2 (fat) 0.1 (poultry meat,

including turkeys)
--
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a  All chlorpyrifos MRLs are final (CXL).
b  Based on chlorpyrifos per se.
c  At or about the limit of detection.
 

d. Endocrine Disruptor Effects

EPA is required under the FFDCA, as amended by FQPA, to develop a screening program
to determine whether certain substances (including all pesticide active and other ingredients) "may
have an effect in humans that is similar to an effect produced by a naturally occurring estrogen, or
other such endocrine effects as the Administrator may designate."  Following the
recommendations of its Endocrine Disruptor Screening and Testing Advisory Committee
(EDSTAC), EPA determined that there were scientific bases for including, as part of the program,
the androgen and thyroid hormone systems, in addition to the estrogen hormone system.  EPA
also adopted EDSTAC’s recommendation that the Program include evaluations of potential
effects in wildlife.  For pesticide chemicals, EPA will use FIFRA and, to the extent that effects in
wildlife may help determine whether a substance may have an effect in humans, FFDCA authority
to require the wildlife evaluations.  As the science develops and resources allow, screening of
additional hormone systems may be added to the Endocrine Disruptor Screening Program
(EDSP).

When the appropriate screening and/or testing protocols being considered under the
Agency’s EDSP have been developed, chlorpyrifos may be subjected to additional screening
and/or testing to better characterize effects related to endocrine disruption.

e. Labels

Provided the following risk mitigation measures are incorporated in their entirety into
labels for chlorpyrifos-containing products, the Agency finds that, with the exception of the dust
formulation for fire ant control, all currently registered uses of chlorpyrifos are eligible for
reregistration, pending consideration of cumulative risks of the organophosphates.  The regulatory
rationale for each of the mitigation measures outlined below is discussed immediately after this list
of mitigation measures. 

Dietary Risk

Neither acute nor chronic dietary (food and drinking water) risks are of concern.  This
conclusion reflects measures agreed to in the Memorandum of Agreement of June 2000
eliminating use on tomatoes and limiting use on grapes and apples.  No further mitigation is
necessary at this time.  

Occupational Risk
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In order for chlorpyrifos products (except for the dust formulation for fire ant control) to
be eligible for reregistration, a combination of reduced application rates and seasonal maximum
limits, increased retreatment intervals, increased PPE and/or use of engineering controls to
address occupational handler risks are needed.  In addition, increased REIs for a number of crops
will address postapplication risks to workers.   Taking into account all feasible mitigation, several
worker scenarios are still below the target MOE of 100.  In such cases, and in accordance with
PR Notice 2000-9, EPA further characterizes the risk by looking at the strengths and weaknesses
of the data and assumptions used in the risk assessment and evaluates the benefits of a chemical’s
use.  The worker scenarios are discussed further below.

Residential Risk

No mitigation is necessary at this time.  All products for homeowner use except ant and
roach baits in child-resistant packaging have been canceled.  Professional termiticide treatment
products are being phased out, with all use for termite control prohibited by December 31, 2005.

Ecological Risk

Risks to terrestrial and aquatic organisms are of concern for all outdoor uses of
chlorpyrifos.  To address these risks, reductions in application rates, the number of applications
per season and the maximum amount that may be applied per acre per season and increased
intervals between applications will be needed.  In addition, no-spray buffer zones will be applied
to protect water bodies, further mitigating aquatic risks.  Taking into account mitigation, some
aquatic risk quotients still exceed levels of concern, particularly for estuarine invertebrates.  EPA
has considered benefits of chlorpyrifos use on the major crops contributing to aquatic risk
concerns.  The Agency will also require submission of water monitoring data to confirm the
reduction of chlorpyrifos levels in surface water.

C. Regulatory Rationale

The following is a summary of the rationale for managing risks associated with the current
use of  chlorpyrifos products.  Where labeling revisions are warranted, specific language is set
forth in the summary tables of Section V of this document.

1. Benefits

The Agency has considered the benefits of chlorpyrifos use in its determination of
eligibility for reregistration as well as appropriate reduction of remaining risks.  Since corn,
cotton, citrus and alfalfa represent approximately 70% - 80% of the use of chlorpyrifos and thus
are the greatest contributors to ecological risk, the Agency has considered the benefits of
chlorpyrifos use on these sites.
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Corn

Chlorpyrifos use on corn (an estimated 5 ½ to 7 million pounds) accounts for more than
half of the total annual use of chlorpyrifos in agriculture.  Chlorpyrifos is applied to corn primarily
to control corn rootworm (larvae and adults), cutworm and European corn borer.  Corn growers
considered chlorpyrifos critical for control of these damaging pests.  The granular product is
primarily incorporated in the soil at the time corn is planted for control of rootworm larvae.  This
type of application represents the largest use of chlorpyrifos with approximately 4 to 5 ½ million
pounds applied annually.  Granular applications have the additional benefit of protecting the corn
from cutworm.  Foliar applications of granular chlorpyrifos by air are targeted at European corn
borer.  This method represents a relatively small portion of chlorpyrifos use--approximately
100,000 pounds of active ingredient per year.  Approximately 500,000 pounds of the liquid
formulation of chlorpyrifos are applied to corn per year.  The liquid formulation is generally used
as a foliar application, with some at-plant use as well.

The principal alternatives to chlorpyrifos on corn are terbufos (which is currently
undergoing reregistration), tefluthrin, fipronil, and a combination product of tebupirimphos and
cyfluthrin.  The most effective non-chemical alternative for management of corn rootworm is crop
rotation, which is practiced on the majority of corn acreage.    
 
Citrus

Approximately 600,000 pounds of chlorpyrifos are applied annually to citrus primarily in
California and to a lesser extent in Florida.  Chlorpyrifos is the most effective product available
for the control of California red scale (CRS).  Other insecticides used to control CRS include
methidathion, carbaryl, and oil.  Chlorpyrifos is preferred due to its effectiveness against CRS and
its relatively short residual activity compared to the other available insecticides.  Chlorpyrifos’
short residual minimizes the impact on beneficial insects such as the Aphytis wasp, which is
important for late season biological control of CRS populations.  The majority of California citrus
is grown for the fresh market and for export.  Although CRS damage is primarily cosmetic, there
is a low threshold for CRS damaged fruit in these markets.

In Florida, Chlorpyrifos is used as an alternative chemical control for managing scale and
thrips, and it is used to manage nuisance pests such as fire ants and termites in the grove.  The
majority of the chlorpyrifos use in Florida is for the control of fire ants.  There are currently no
alternatives labeled for this use.  Fire ant control is critical to allow workers the opportunity to
complete orchard production activities, such as harvesting, without the threat of attack by the fire
ants. 

Cotton

Approximately 700,000 pounds of chlorpyrifos are applied annually to cotton.  Liquid
chlorpyrifos is used on cotton primarily to control plant bugs in the Mississippi delta area, cotton
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aphid in Texas and California, silverleaf whitefly in Arizona, pink bollworm in Arizona and beet
armyworms in all cotton growing areas.  It is considered to be important in resistance
management programs for cotton aphid.  Alternatives to chlorpyrifos for aphid control include
profenofos and carbofuran.  Imidacloprid provides early season aphid and plant bug control.  Two
relatively new insect growth regulators (IGR), pyriproxyfen and buprofizen, have shown good
control of silverleaf whitefly. 

Alfalfa

Approximately 500,000 lbs. ai of chlorpyrifos are applied annually to alfalfa by both
ground (Midwest to Northeast) and air (West) equipment.  A single application per year is typical. 
Alfalfa weevil, Egyptian alfalfa weevil, armyworms (beet and Western yellowstriped) and aphids
are the key pests.  The principal alternatives to chlorpyrifos are carbofuran, methyl parathion and
dimethoate.  Pyrethroids are also registered for alfalfa pest management, but do not suppress and
control aphids, as well as chlorpyrifos, carbofuran and methyl parathion.

Since corn, cotton, citrus and alfalfa represent 70% - 80% of the chlorpyrifos use, the
Agency has considered the benefits of chlorpyrifos use on these sites.  Additional benefits
information on these and other uses can be found in the public docket and is discussed under
specific worker scenarios below in the Occupational Risk Mitigation section.  Usage information
can also be found at http://pestdata.ncsu.edu/cropprofiles/cropprofiles.cfm.

2. Human Health Risk Mitigation

a. Dietary Mitigation

1) Acute Dietary (Food)

Based on use patterns established before the June 2000 mitigation agreement, acute
dietary risk from food alone at the 99.9th percentile for the most highly exposed subpopulation,
children 1-6 years old was 355% of the aPAD.  The mitigation agreement addressed this risk by
reducing or canceling use on three commodities frequently consumed by children: apples, grapes
and tomatoes.  Post-bloom use on apples was removed from product labels effective December
31, 2000 and the tolerance will lowered to 0.01 ppm.  Production of products for use on tomatoes
was prohibited effective September 2000, and use of existing products was stopped as of
December 31, 2000.  The tolerances for tomatoes will be revoked.  The tolerance for grapes will
be lowered to 0.01 ppm to reflect domestic use patterns.  The Agency is coordinating with the
FDA to implement these tolerance reductions/revocations.

With implementation of these reductions, acute dietary risk from food alone is at 82% of
the aPAD for children 1-6 years old, and thus is not of concern.  No further mitigation of acute
dietary risk is needed at this time.
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2) Chronic Dietary (Food)

Prior to implementation of the mitigation for apples, grapes and tomatoes, chronic dietary
risk from food alone occupied 81% of the cPAD for children 1-6 years old, the most highly
exposed population subgroup, and thus was not of concern.  The mitigation further reduced risks
to a range of 2.5% to 51% of the cPAD.  No additional mitigation of chronic dietary risk is
needed at this time.

3) Drinking Water

Neither acute nor chronic risks from drinking water are of concern for any population
subgroup, except in the event of well contamination following termiticide use.  Incidents of these
types have occurred in the past as a result of the high concentrations required for termiticide use,
treatments being applied when wells were in or near the building foundation, and/or when well
casings were cracked.  Since issuance of PR 96-7 instituting risk reduction measures for
termiticides, the number of reported incidents has dropped significantly.  For example, the
frequency of incidents in 1997 (before PR 96-7) was 28.2 per 100,000 homes; in 1998 (after the
notice) the frequency was 8.3 per 100,000 homes.

To address these remaining risks, termiticide products were reclassified to “restricted
use.”   In addition, the application rate for all termiticide products was limited to 0.5% solution
effective December 1, 2000.  Use and sale of termiticide products will be phased out as follows: 
formulation of products for post-construction treatment stopped on December 1, 2000, and all
sales of whole-house and spot/local treatment products will stop effective December 31, 2001,
and December 31, 2002, respectively.  Production of products for pre-construction treatment will
stop as of December 31, 2004; these products may not be used after December 31, 2005.  A
provision of the June 2000 agreement allows the technical registrants to submit exposure data by
June 2004.  If acceptable data demonstrate that pre-construction use does not pose risks of
concern to residents, that use may be allowed to continue. 

b. Occupational Risk Mitigation

1) Agricultural and Ornamental/Greenhouse Handler
Risks

Since the chlorpyrifos occupational assessment was completed, some refinements in
methodology have been identified.  In calculating occupational handler risks for the preliminary
Human Health Risk Assessment completed in June 2000, the potential dermal and inhalation
doses used to calculate exposures were those identified in the Agency’s Series 875 Group A
(previously known as Subdivision U).

However, for dermal calculations, the ratio of the body surface area to the body weight
has been found to overestimate risk by a factor of 1.1.  The ratio is not physiological matched in
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that the surface area is for an average male, while the body weight is the median for both male and
female.  Therefore, dermal MOEs from the June 2000 assessment have been adjusted with a
reduction factor of 1.1 and are presented in the following table.

In addition, to calculate inhalation risks for handlers, the Agency used a standard breathing
rate of 29 L/min for all exposure scenarios.  Since that time, the Agency has adopted the
breathing rates recommended by NAFTA.  The NAFTA inhalation rates and the corresponding
exposure reduction factors are:  8.3 L/min. for sedentary activities (e.g., driving a tractor);
exposure reduction factor 3.5;  16.7 L/min. for light activities (e.g., flaggers and mixer/loaders
using <50 lb. containers); exposure reduction factor 1.7;  and 26.7 L/min. for moderate activities
(e.g., loading >50 lb. containers or using handheld equipment in hilly areas); exposure reduction
factor 1.1.

Table 31 presents the MOEs for occupational risk taking into account the revised dermal
surface area and breathing rate factors.
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Table 31.  Occupational Risk Estimates for Agricultural Uses of Chlorpyrifos

Exposure Scenario
(Scenario#)

Application Rates 
(lb ai/acre) 

Daily Acres
Treated 

Short-Term PPE MOEs Short-Term Eng. Control MOEs

Dermal Inhalation Total Dermal Inhalation Total

Mixer/Loader Exposure

Mixing/Loading Liquids for
Aerial/Chemigation
Application (1a)

1.5 cranberries, corn 350 43 95 30 86 272 66

3.5 citrus 100 65 141 44 132 408 100

Mixing/Loading Liquids for
Groundboom Application
(1b)

1.5 predominant max 80 187 408 128 Target MOE reached at PPE 

2  Sodfarm 
(includes tobacco/

potatoes)

80 143 306 97 275 901 211

3 Sodfarm 80 88 193 60 278 861 210

8.0 sodfarm fire ants  10 286 612 195 Target MOE reached at PPE 

Mixing/Loading Liquids for
Airblast Application (1c)

2.0 predominant max
such as Fruits & Nuts

40 286 612 195 Target MOE reached at PPE 

6.0 citrus 20 187 408 128 Target MOE reached at PPE 

Mixing WP for
Aerial/Chemigation
Application (2a)

2.0 predominant max
(orchards)

350

DAS is not supporting the open bag formulation for the
WP

56 71 31

3.5 citrus  (d) 100 110 141 62

Mixing WP for
Groundboom Application
(2b)

1.0 predominant max
(brassica)

80 495 612 274

4.0 soil treatment
ornamentals outdoors

10 979 1241 547

1.3 & 3.0 Sodfarm 80 374 / 165 476 / 204 209 / 91

 8.0 sodfarm fire ants
(harvest only)

10 495 360 200

Mixing WP for Airblast
Application (2c)

2.0 predominant max 40 495 612 274

6.0 citrus 20 330 408 182

Loading Granulars for
Aerial Application (3a)

1.0 maximum aerial
rate for corn

350 321 99 75 3300 510 442
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Loading Granulars for
Ground Application (3b)

1.0 typical corn 80 1430 442 338 Target MOE reached at PPE 

2.0 max corn 80 704 221 168 Target MOE reached at PPE 

3.0 maximum ground
rate (tobacco)

80 473 146 112 Target MOE reached at PPE 

Applicator Exposure

Aerial (Spray) -- Enclosed
Cockpit (4a)

2.0 orchards 350 No Open cockpit data available 110 525 91

3.5 citrus 100 220 1015 181

Aerial (Granulars) --
Enclosed Cockpit (4b)

1.0 350 No Open cockpit data available 686 55 51

Groundboom Tractor (5) 1.5 predominant max 80 The biological monitoring results (Table A4) indicate
that open cabs provide  insufficient protection. 

Therefore, only the enclosed cab MOEs are presented.

638 4900 564

3 Sodfarms 80 302 2231 270

8.0 sodfarm fire ants 10 968 7000 850

Airblast Applicator (6) 2.0 predominant max 40 The biological monitoring results indicate that open cabs
are  insufficient.

253 665 183

 6.0 citrus 20 165 455 121

Tractor-Drawn Granular
Spreader (7)

1.0 typical corn  80 1100 1260 587 Target MOE reached at PPE

2.0 max corn 80 572 630 300 Target MOE reached at PPE

3.0 maximum ground
rate (tobacco)

80 385 420 201
Target MOE reached at PPE

Seed Treatment (8) No Data No Data No Data No Data

Dip Application (Preplant
Peaches) (9)

No Data No Data No Data No Data

Flagger Exposure

Spray Applications (10) 2.0 predominant max 350 55 490 49 2530 1540 957

3.5 citrus (d) 100 110 319 82 4950 3190 1940

Granular Applications (11) 1.95 350 352 374 181 Target MOE reached at PPE

Mixer/Loader/Applicator Exposure
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Backpack Sprayer/Bark and
Pine Seedling Treatment
(12)

0.0417 lb ai/gal
predominant max

40 gal/day 143 770 121 Target MOE reached at PPE,

0.08 lb ai/gal bark
beetle treatment

40 gal/day 75 396 63 Not feasible

0.03 lb ai/gal stump
treatment

40 gal/day 198 1067 167 Target MOE reached at PPE,

 0.16 lb ai/gal pine
seedling treatment

40 gal/day 37 198 31 Not feasible

3.5 citrus bark 1 A/day 69 363 58 Not feasible

0.039 lb ai/gal /750
ft2

1000 ft2 4620 24,200 3,879 Target MOE reached at PPE

Low Pressure Handwand
(13)

0.0417 lb ai/gal
predominant max

40 gal/day 627 770 346 Target MOE reached at PPE

0.08 lb ai/gal bark
beetle treatment

40 gal/day 330 396 180 Target MOE reached at PPE

0.03 lb ai/gal  stump
treatment

40 gal/day 869 1067 479 Target MOE reached at PPE

3.5 citrus bark 1 A/day 297 363 163 Target MOE reached at PPE

0.039 lb ai/gal/
750 ft2 animal prem.

1000 ft2 19,800 24,200 10,890 Target MOE reached at PPE

High Pressure Handwand 
(greenhouse uses) (14)

Min. 0.0033 lb ai/gal 1000 gal/day 73 97 41 Not feasible

Max. 0.0066 lb ai/gal 36 48 21 Not feasible

Hydraulic Hand-held
Sprayer for Bark Treatment
(15)

3.5 citrus bark 10 18 110 15 Not feasible

0.08 lb ai/gal bark
beetle treatment

1,000 gal/day 15 97 13 Not Feasible

0.039 lb ai/gal /750
ft2 animal prem

10000 ft2 2420 14,300 2070 Target MOE reached at PPE
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Dry Bulk Fertilizer
Impregnation

1.0 lb ai / 200 lb
fertilizer / acre

No Data No Data No Data
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It should also be noted that DAS has submitted a six-week oral dog that measures
chlolinesterase inhibition in peripheral nerve tissue.  This study is currently under review.  If the
study is acceptable, the dermal MOEs could increase by a factor of 3 to 6.

The following scenarios are not of concern, i.e., MOEs are greater than 100, with PPE
consisting of double layers, chemical resistant gloves, chemical resistant shoes plus socks,
chemical resistant headgear for overhead exposure, chemical resistant apron when cleaning and
mixing or loading and a dust/mist respirator:

(1b) Mixing/loading liquids for groundboom application (except at 3 lbs. ai/A sodfarm use)
(1c) Mixing/loading liquids for airblast application
(3b) Loading granulars for ground application
(7) Tractor drawn granular spreader
(13) Low pressure handwand

The following scenarios have MOEs greater than 100 with appropriate engineering controls:

(2b) Mixing wettable powder for groundboom application (water soluble packaging)
(2c) Mixing wettable powder for airblast application (water soluble packaging)
(4a) Aerial application of spray (enclosed cockpit)

The following occupational risk scenarios are still below the target MOE of 100, even
with all feasible PPE or engineering controls.

Mixing/Loading Liquids for Aerial/Chemigation Application

The MOEs for mixing/loading liquids for aerial application (scenario 1a) are 66 and 100
depending on the application rate and the acres treated.  The dermal route is driving the total
MOE in this scenario (dermal MOEs range from 86 to 132 and the inhalation MOEs range from
272 to 408).  Mixer/loaders for aerial application must use mechanical transfer systems for any
container greater than 2.5 gallons for transfer of material from container to chemical holding tank.
The registrant has agreed to reduce the rate on corn from 1.5 to 1 lb ai/A. 

Aerial application is critical to large field crops such as cotton, wheat and sorghum.
Ground application is not economically feasible.  Approximately 200,000 lbs. ai of chlorpyrifos
are applied per year to sorghum for control of greenbugs.  Chlorpyrifos is the primary insecticide
for foliar applications to wheat and is important for control of Russian wheat aphid, pale western
cutworm and grasshoppers. Approximately100,000-150,000 lbs ai per year are applied to wheat.  

For chemigation the MOEs will be higher than aerial application because the typical use
rates are lower (0.5 to 1 lb ai/A) and the acres treated would typically average 40 to 80 acres. 
The combination of these lower rates and acres will increase the MOEs above 100.
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Mixing/Loading Liquids for Groundboom Application to Sodfarms at 3 lbs. ai/A

The MOE for mixing/loading liquids for groundboom application to sodfarms at the 3 lbs.
ai/A rate (scenario 1b) is 60.  Currently enclosed mixing/loading is not required for the
groundboom application to sodfarms.  Dermal exposure contributes the most to the total MOE in
this scenario (dermal MOE is 88 and the inhalation MOE is 193).  The 3 lb. ai/A rate is used to
control mole crickets and is mainly used as a patch application.  Therefore, the 80 acres applied in
a day is an overestimate for this particular use.  The 2 lbs. ai/A rate is critical for the control of
chinch bugs and lepidopterus (sod webworms, cutworms and army worms).  Current PPE
consists of double-layer clothing, chemical resistant gloves, chemical resistant shoes plus socks,
chemical resistant headgear for overhead exposure, chemical resistant apron when cleaning and
mixing or loading and a dust/mist respirator.  Usage data are being required to confirm the acres
treated per day for the 3 lbs. ai/A rate on sodfarms to control mole crickets, and will be used to
refine risk estimates.

Mixing Wettable Powders for Aerial/Chemigation Application

The MOEs for mixing wettable powders in water soluble packaging (WSP) for aerial or
chemigation application (scenario 2a) are 31 and 62, depending on the application rate the worker
uses and the acres treated.  EPA acknowledges the uncertainties associated with the risk
assesment for WSP for aerial or chemigation application.  Current WSP data in PHED are of low
quality due to a limited number of replicates.

EPA believes the actual exposure from water soluble packaging in aerial/chemigation
operations is less than predicted by the limited data in PHED.  Confirmatory data will be required
for the WSP formulation.  These data may be developed in conjunction with the Agricultural
Handler Task Force which has been formed between EPA and the industry to generate data to
update PHED.

Loading Granulars for Aerial Application

The MOE for loading granulars for aerial application is 75 (scenario 3a).  The inhalation
route is driving the total MOE in this scenario (dermal MOE is 321 and the inhalation MOE is
99).  Currently enclosed loading systems are not required for loading chlorpyrifos granulars for
aerial application. 

Because of new technology to reduce the dust and exposure from granular pesticides,
EPA believes the actual exposure from loading granulars for aerial application is less than
predicted by the limited data in PHED.  Confirmatory data will be required for loading granulars. 
These data may be developed in conjunction with the Agricultural Handler Task Force which has
been formed between EPA and the registrants to generate data to update PHED.
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Aerially Applying Granulars

The MOE for aerially applying granulars is 51 (scenario 4b).  The inhalation route is
driving the total MOE in this scenario (dermal MOE is 686 and the inhalation MOE is 51).  The
inhalation data in PHED for this scenario is of low confidence because it lacks the sufficient
replicates.  The aerial data in PHED is an overestimate because it assumes the pilot enters and
leaves the plane after every 17-acre application.  Information from aerial applicators indicate that
entering and leaving the plane 3-4 times during the day is typical.

EPA believes the actual exposure from applying granulars for aerial application is less than
predicted by the limited data in PHED.  Confirmatory data will be required for applying 
granulars.  These data may be developed in conjunction with the Agricultural Handler Task Force
which has been formed between EPA and the registrants to generate data to update PHED.

Airblast/Groundboom Application

The MOEs for airblast/groundboom application range from 121 to 850 depending on the
application rate and acres treated and with the engineering control of an enclosed cab (scenario 5
and 6).  A label statement is needed indicating that airblast applicators must be in fully enclosed
cabs or, if not in fully enclosed cabs, applicators must wear double-layer clothing, chemical-
resistant headgear, respirator, chemical-resistant footwear and socks.

The available biological monitoring data for groundboom application was conducted with
baseline PPE (one-layer of clothing) and are of minimal quality due to a low number of replicates. 
A label statement is needed indicating that groundboom applicators must be in fully enclosed cabs
or, if not in fully enclosed cabs, applicators must wear double-layer clothing, chemical-resistant
footwear and socks, and a dust-mist respirator.

Confirmatory data will be required for groundboom application. These data may be
developed in conjunction with the Agricultural Handler Task Force which has been formed
between EPA and the registrants to generate data to update PHED.

Backpack Sprayer

Risks to mixer/loader/applicators using a backpack sprayer for bark beetle and pine
seedling treatment (scenario 12) are of concern.  For bark beetle treatment using 3.5 lbs. ai/A (for
citrus bark), the MOE is 58; for other crops at 0.08 lbs. ai/gal, the MOE is 63; and for pine
seedling treatment, the MOE is 31.  These risk estimates are of low confidence because the data
available lacked sufficient replicates to meet Agency guideline requirements.

Dermal exposure contributes most to the total MOE in this scenario.  Dermal MOEs range
from 37 to 75 while the inhalation MOEs range from 198 to 396.  Confirmatory backpack
exposure data are required and are being developed by the Forest Service (USDA) to refine
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current risk estimates.  The Agency has reviewed the study protocol and the study will be initiated
in Spring of 2002.

The Forest Service has stated that chlorpyrifos is important in the control of bark beetles
or borers and that no suitable alternative exists.  Documentation from the Forest Service indicates
that 40 gallons per day (as assumed in EPA’s assessment) would rarely if ever be used for pine
seedlings.

Since the Human Health Risk Assessment was conducted, product labels for this use were
amended to add protection including double layers, chemical-resistant gloves, footwear and apron
(for mixers and loaders).  These protective measures will be required unless or until exposure data
for this scenario are submitted and demonstrate otherwise.

High Pressure Handwand

Mixer/loader/applicator risks for use of the high-pressure handwand (scenario 14) are of
concern, with MOEs of 41 and 21 depending on the application rate.  These risk estimates are
based on biological monitoring data but are of low confidence due to a lack of information on the
types of sprayers and volumes used in the studies.  In addition, the data lacked sufficient replicates
to meet Agency guideline requirements.  Comments from the American Nursery and Landscape
Association indicate the EPA’s assumption of 1,000 gallons per day of use are extremely
unrealistic.  Chlorpyrifos is used as a rotational tool to treat small blocks or areas of plant
material–only to areas of the greenhouse that have infestation problems.  Actual use is likely to be
100 gallons per day or less, and use is intermittent.  Usage data are being required to confirm the
current use per day.  Additional information is required concerning the types of sprayers used. 
This information will be used to refine risk estimates.

Since the Human Health Risk Assessment was conducted, product labels for this use were
amended to add protection including double layers, chemical-resistant gloves, footwear and apron
(for mixers and loaders).  These protective measures will be maintained unless or until exposure
data for this scenario are submitted and demonstrate otherwise.

Hydraulic Handheld Sprayer

Risks to mixer/loader/applicators using a hydraulic handheld sprayer (scenario 15) are of
concern.  For application to citrus bark at 3.5 lbs./gal, the MOE is 15; for other crops at 0.08
lbs./gal, the MOE is 13.  These risk estimates are of low confidence because the data lacked
sufficient replicates.  The driving factor in this assessment is the volume of spray estimated to be
applied.  Usage data are being required to confirm the actual amount of chlorpyrifos used on a
daily and seasonal basis.  Preliminary industry estimates report a high end usage of about 500
gallons a day, half of EPA’s estimate assumed.  Additional information is required concerning the
types of sprayers used since EPA’s assessment assumed a rights-of-way type sprayer.  This
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information will be used to refine risk estimates.  The Forest Service has stated that chlorpyrifos is
important in the control of bark beetles or borers and that no suitable alternative exists.

Since the Human Health Risk Assessment was conducted, product labels for this use were
amended to add protection including double layers, chemical-resistant gloves, footwear and apron
(for mixers and loaders).  A dust-mist respirator will also be necessary.

Dry Bulk Fertilizer Impregnation

Risks to mixer/loader/applicators for dry bulk fertilizer impregnation could not be assessed
due to a lack of exposure data.  This use is for the control of fire ants on orchard floors. For this
use, dry fertilizer is placed in a closed rotary drum mixer equipped with suitable spraying
equipment.  Spray nozzles are positioned to provide uniform spray coverage of the tumbling
fertilizer with chlorpyrifos. 

This use is similar to mixing/loading liquids for groundboom application at the 1 pound
rate (scenario 1b) and applying with a tractor drawn granular spreader (scenario 7).  The MOEs
are above 100 for both of these scenarios.  Thus, EPA assumes that PPE for this use should be
similar, i.e., double-layer clothing.

Seed Treatment

The Agency has no data at this time to assess the exposure for mixer/loaders and
applicators for seed treatment.  Seed treatment labels currently specify single-layer clothing,
chemical-resistant footwear over socks, chemical-resistant gloves and respirators.  The Agency
does not anticipate that the exposures for this use with the prescribed PPE will be any greater
than for mixer/loaders of wettable powders for groundboom application with engineering controls
(MOEs 200-400), and the amount of ai handled per day is likely to be less.  Therefore, this use is
eligible for reregistration and confirmatory data are required.  This protective equipment must be
maintained on the labels until/unless exposure data indicate that less PPE is appropriate.

Preplant Peach Dip

The Agency has no specific data at this time to assess the exposusre for mixer/loaders and
applicators for the preplant peach dip.  Labels for the preplant peach dip currently require double-
layer clothing, chemical-resistant gloves, chemical-resistant shoes plus socks, protective eyewear,
chemical-resistant headgear for overhead exposure, chemical-resistant apron when cleaning
equipment and mixing or loading and a respirator.  The Agency does not anticipate that exposures
for this use will be any greater than for mixer/loaders of liquids for citrus and fruit ground
applications (MOEs 100-150) and the amount of ai handled per day is likely to be less. 
Confirmatory data are required.  Therefore, this use is eligible for reregistration and confirmatory
data are required.   This protective equipment must be maintained on the label until/unless
exposure data indicate that less PPE is appropriate. 
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Flaggers

Risks to flaggers involved in spray applications (scenarios 10 and 11) are of concern with
use of PPE, with MOEs of 49 and 82.  Information from USDA indicates that human flagging is
no longer necessary in modern agriculture.  Therefore, a prohibition against human flagging will
mitigate these risks with minimum impact on current production practices.

Taking into account the strengths and weaknesses of the risk assessment and the benefits
of chlorpyrifos use, EPA has determined that the uses listed above are eligible for reregistration
with the designated mitigation and confirmatory data.

2) Agricultural and Ornamental/Greenhouse
Postapplication Risks

The results of the short- and intermediate-term postapplication assessments indicate that
REIs need to be established.  The REIs range from 24 hours for most crops to 5 days for citrus
trees.  REIs and pre-harvest intervals (PHIs) are needed to ensure that risks are not of concern are
shown below in Table 32.

Table 32.  Restricted Entry Intervals and Preharvest Intervals

Crop REI MOEs PHI

Cauliflower 3 days 150 21-30 days

Nut trees 24 hours 270 14 days

Potatoes 24 hours 750 7 days

Citrus trees 5 days 220 21 days

Fruit trees 4 days 280 28 days

Sweet corn 24 hours 83 7 days

All other crops 24 hours 110 7 days

In addition to the foliar chlorpyrifos treatments, there are many soil incorporated/directed
treatments to field crops and citrus.  At this time, there are insufficient exposure and soil residue
data to assess the potential risk from soil incorporated/directed uses of chlorpyrifos.  However,
these treatments are expected to result in less postapplication exposure than the foliar treatments. 
Confirmatory data for soil directed/incorporated uses are required.

Postapplication risks to greenhouse/nursery workers were not assessed due to a lack of
data.  Information is needed concerning the timing of the applications in relation to the
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postapplication activities and a lack of residue data (foliar and bark treatments) to assess the REIs
for the ornamental/greenhouse uses. These risks are of concern for activities such as pruning,
transplanting and burlap/balling.  The National Agricultural Pesticide Impact Assessment Program
(NAPIAP 1996) reports chlorpyrifos is widely used for a broad range of insect applications
including wood-boring, foliage feeding, sucking and soil-borne pests.  NAPIAP also reports that
although chlorpyrifos use represents only 5% of the total lbs. ai used in greenhouse/nursery
operations, it is used by 35% of their survey respondents.  Chlorpyrifos is an important chemical
for the industry, especially as a tool for resistance management.  Additional use information, i.e.,
timing of application relative to postapplication activities, greenhouse DFR data, and biological
monitoring data to develop transfer coefficients for various greenhouse/nursery activities are
required.

The current REI of 24 hours was established by the MOA of June 2000 and remains in
effect until acceptable data indicate that it should be changed.  Early entry PPE will be established
during product reregistration.

3) Non-Agricultural Occupational Handler Risks

Risk estimates for the application of a dust product for fire ant control are of concern. 
With PPE, the short-term MOEs are 4.3 to 108; intermediate-term MOEs are 0.9 to 22.   These
MOEs are based on one literature study, which did not include inhalation exposure data;
therefore, the MOEs are likely to underestimate actual risk.  This use is ineligible for
reregistration at this time.  Since this product is used to control fire ants and may have public
health benefits, registrants and other interested parties may provide benefits and usage information
and mitigation suggestions during the comment period.

Application by groundboom to golf course turf is of concern.  Using baseline PPE, the
short-term MOE is 60.  A label statement is needed indicating that groundboom applicators must
be in fully enclosed cabs or, if not in fully enclosed cabs, applicators must wear double-layer
clothing, chemical-resistant footwear and socks, and a dust-mist respirator.

4) Non-Agricultural Occupational Postapplication Risks

Occupational postapplication exposures by commercial operators in the residential setting
(termiticide and mosquito adulticide uses) are not expected to occur.  For golf course workers,
postapplication exposures are not of concern.  

c. Residential Risk Mitigation

1) Residential Handler Risk
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The only products that can be applied by a resident are the containerized baits in child-
resistant packaging.  This is not expected to result in exposures of concern.  All other residential
uses have been cancelled.

2) Residential Postapplication Risk

Residential postapplication exposures may occur after termiticide use in residential
structures.  To mitigate risks from this use, the technical registrants agreed in June 2000 to limit
termiticide treatments to 0.5% solution, and cancel all postconstruction uses.  Pre-construction
use will remain until 2005, unless acceptable exposure data are submitted that show that
residential postapplication risks from this use are not a concern.

Chlorpyrifos treatments to processed wood products was maintained in the Memorandum
of Agreement of June, 2000.  Since that time, it has come to the Agency’s attention that some
wood products such as window frames and floor joists that are treated are eventually used in
homes.  Exposure data are required to confirm that this use is not a concern.

3. Environmental Risk Mitigation

The technical registrants have agreed to the following label amendments to address
environmental risk concerns.  The amendments include the use of buffer zones to protect water
quality, fish and wildlife, reductions in application rates, number of applications per season,
seasonal maximum amounts applied, and increases in the minimum intervals for retreatment.

The mitigation measures prescribed in this IRED along with mitigation that is already
being implemented as a result of the June, 2000, Memorandum of Agreement, will reduce risk to
both terrestrial and aquatic species. For example, many of the reported incidents of wildlife
mortality associated with chlorpyrifos use were related to residential lawn and termite uses and
use on golf courses. The residential uses have been eliminated, the termiticide use is being phased
out, and the application rate on golf courses has been reduced from 4 to 1 lb/ai/A.  Additionally, 
no-spray buffers around surface water bodies, as well as rate reductions for agricultural uses will
be implemented as a result of this IRED and will further reduce the environmental burden of
chlorpyrifos.   

Although the magnitude of the risk reduction cannot be precisely quantified, EPA’s
recalculation of  risk quotients, taking into account new use restrictions, indicates that the
potential risk to invertebrates, particularly estuarine invertebrates may still be of concern.  Risk
quotients represent a screening level assessment and are inadequate to predict whether the levels
of chlorpyrifos entering estaurine areas are sufficient to affect invertebrate populations or
populations of the larger species that depend on them as a food source.  Monitoring for
chlorpyrifos in waters that feed into estuaries would provide useful information on the magnitude
and frequency of actual residues.
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Taking into account the extensive mitigation already underway, additional mitigation to be
adopted as a result of this IRED, as well as the benefits of chlorpyrifos use, EPA finds the
remaining risk to non-target species is not unreasonable.  Because the use of chlorpyrifos will be
declining over the next few years as existing stocks of canceled products are exhausted, EPA
expects that levels of chlorpyrifos in the environment will also be reduced.  In order to confirm
that levels of chlorpyrifos in the aquatic environment are declining, EPA is requiring updated
usage information and collection of water monitoring data for the areas of greatest remaining
chlorpyrifos use.  

The following crop-specific mitigation will be needed to address environmental risk
concerns:

Alfalfa (liquid formulations)

The maximum number of applications per season will be reduced from 8 to 4.

Citrus (liquid formulations)

The maximum number of applications per season will be reduced to 2; the maximum
application rate of 6 lbs. ai/A will be limited to five counties in California; the minimum interval
for retreatment will be 30 days.  The 6 lbs. ai/A rate is for ground application only.  Sprays must
be directed toward the canopy.

Citrus orchard floors (granular formulations)

The maximum number of applications per season will be reduced from 10 to 3; the
maximum amount applied per season will be reduced from 10 lbs. ai/A to 3 lbs. ai/A.

Corn, field, sweet and seed (liquid formulations)

The maximum number of applications per season will be limited to 3; the maximum
amount applied per season will be reduced from 7.5 lbs. ai/A to 3 lbs. ai/A.

Corn, field, sweet and seed (granular formulations)

The maximum number of applications per season will be limited to 2; the maximum
amount applied per season will be limited to 2 lbs. ai/A.

Cotton (liquid formulations)

The maximum number of applications per season will be reduced from 6 to 3; the
maximum amount applied per season will be reduced from 6 lbs. ai/A to 3 lbs. ai/A.
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Peanuts (granular formulations)

Aerial application will be eliminated.

Sorghum (liquid formulations)

The maximum number of applications per season will be limited to 3; it was previously
unspecified.

Soybeans (liquid formulations)

The maximum number of applications per season will be limited to 3; it was previously
unspecified.

Sugar beets (liquid formulations)

The maximum number of applications per season will be reduced from 4 to 3; the
maximum amount applied per season will be reduced from 4 lbs. ai/A to 3 lbs. ai/A.

Sugar beets (granular formulations)

The maximum number of applications per season, previously unspecified, will be limited to
3; the maximum amount applied per season will be reduced from  13.5 lbs. ai/A to 3 lbs. ai/A.

Sunflowers (liquid formulations)

The maximum number of applications per season, previously unspecified, will be limited to
3; the maximum amount applied per season will be reduced from 4.5 lbs. ai/A to 3 lbs. ai/A.

Tobacco (liquid formulations)

The maximum number of applications per year, previously unspecified, will be limited to 1;
the application rate of 5 lbs. ai/A will be eliminated; the maximum amount applied per season will
be reduced from 1.5 lbs. ai/A to 1 lb. ai/A.

Tree nuts (liquid formulations)

The maximum amount applied per season will be reduced from 8 lbs. ai/A to 4 lbs. ai/A.

Walnut and almond orchard floors (liquid formulations): 

The maximum amount applied per season will be reduced from 8 lbs. ai/A to 4 lbs. ai/A;
the maximum number of applications per season, previously unspecified, will be limited to 2.
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All crops

Spray drift warnings and no-spray zones will be included on labels, as shown in Table 33. 
These no-spray zones will apply to rivers, natural ponds, lakes, streams, reservoirs, marshes,
estuaries and commercial fish ponds.

Table 33.  Proposed No-Spray Buffer Zones around Water Bodies

Application Method Required Setback (No-spray Zone)

Ground  Boom   25 feet

Chemigation   25 feet

Orchard Airblast   50 feet

Aerial (fixed-wing or helicopter) 150 feet

Table 34 summarizes the range of risk quotients for major use sites taking into account the
mitigation measures outlined above.

Table 34.  Risk Quotients for Corn, Citrus, Cotton and Tobacco 
With Proposed Risk Mitigation

Species Range of Risk Quotients 

Freshwater Fish Acute LC50 2.8 - 11

Fish Reproduction NOAEC 8.9 -36 1       5.4 - 46 2

Aquatic Invertebrate Acute LC50 51 - 210

Freshwater Invert. Reproduction NOAEC 130 520 1    65 - 230 2

Estuarine Fish Acute LC50 5.3 - 22

Estuarine Fish Reproduction NOAEC 11 - 74 1     9.3 - 20 2

Estuarine Invertebrate Acute LC50 110 - 590

Estuarine Invert. Reproduction NOAEC >1100 1

Estuarine Algae EC50 0.036 - 0.15
     1 Peak EECs in 2-meter deep pond or estuarine water
        2 21-day EECs in 2-meter deep pond or estuarine water
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4. Other Labeling

In order to remain eligible for reregistration, other use and safety information needs to be
placed on the labeling of all end-use products containing chlorpyrifos.  For the specific labeling
statements, refer to Section V of this document

a. Endangered Species Statement

The Agency has developed the Endangered Species Protection Program to identify
pesticides whose use may cause adverse impacts on endangered and threatened species, and to
implement mitigation measures that address these impacts.  The Endangered Species Act requires
federal agencies to ensure that their actions are not likely to jeopardize listed species or adversely
modify designated critical habitat.  To analyze the potential of registered pesticide uses to affect
any particular species, EPA puts basic toxicity and exposure data developed for REDs into
context for individual listed species and their locations by evaluating important ecological
parameters, pesticide use information, the geographic relationship between specific pesticides uses
and species locations, and biological requirements and behavioral aspects of the particular species. 
This analysis will take into consideration any regulatory changes recommended in this RED that
are being implemented at that time.  A determination that there is a likelihood of potential impact
to a listed species may result in limitations on use of the pesticide, other measures to mitigate any
potential impact, or consultations with the Fish and Wildlife Service and/or the National Marine
Fisheries Service as necessary.   

The Endangered Species Protection Program as described in a Federal Register notice (54
FR 27984-28008, July 3, 1989)  is currently being implemented on an interim basis  As part of the
interim program, the Agency has developed County Specific Pamphlets that articulate many of the
specific measures outlined in the Biological Opinions issued to date.  These Pamphlets are
available for voluntary use by pesticide applicators, on EPA’s web site at www.epa.gov/espp.  A
final Endangered Species Protection Program, which may be altered from the interim program, is
scheduled to be proposed for public comment in the Federal Register before the end of 2001. 

b. Spray Drift Management

The Agency is in the process of developing more appropriate label statements for spray
and dust drift control to ensure that public health and the environment are protected from
unreasonable adverse effects.  In August 2001, EPA published draft guidance for label statements
in a pesticide registration (PR) notice (“Draft PR Notice 2001-X” http://www.epa.gov/PR
Notices/#2001).  A Federal Register notice was published on August 22, 2001
(http://www.epa.gov/fedrgstr) Announcing the availability of this draft guidance for a 90-day
public comment period.  After receipt and review of the comments, the Agency will publish final
guidance in a PR notice for registrants to use when labeling their products.
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Until EPA decides upon and publishes the final label guidance for spray and dust drift,
registrants (and applicants) may choose to use the statements proposed in the draft PR notice. 
Registrants should refer to and read the draft PR notice to obtain a full understanding of the
proposed guidance and its intended applicability, exemptions for certain products, and the
Agency’s willingness to consider other versions of the statements.

For purposes of complying with the deadlines for label submission outlined in this
document, registrants (and applicants) may elect to adopt the appropriate sections of the
proposed language below, or a version that is equally protective, for their end-use product
labeling.

For products as liquids:

“Do not allow spray to drift from the application site and contact people, structures people
occupy atany time and the associated property, parks and recreation areas, nontarget
crops, aquatic and wetland areas, woodlands, pastures, rangelands or animals.”

“For ground boom applications, apply with nozzle height no more than 4 feet above the
ground or crop canopy, and when wind speed is 10 mph or less at the application site as
measured by an anemometer.  Use _____ (registrant to fill in blank with spray quality, e.g.
fine or medium) or coarser spray according to ASAE 572 definition for standard nozzles
or VMD for spinning atomizer nozzles.”

“For orchard and vineyard airblast applications, do not direct spray above trees and vines,
and turn off outward pointing nozzles at row ends and outer rows.  Apply only when wind
speed is 3 -10 mph at the application site as measured by an anemometer outside of the
orchard or vineyard on the upwind side.”

“For aerial applications, the boom width must not exceed 75% of the wingspan or 90% of
the rotary blade.  Use upwind swath displacement, and apply only when wind speed is 3 -
10 mph as measured by an anemometer.  Use _____ (registrant to fill in blank with spray
quality, e.g. fine or medium) or coarser spray according to ASAE 572 definition for
standard nozzles or VMD for spinning atomizer nozzles.  If application includes a no-
spray zone, do not release spray at a height greater than 10 feet above the ground or the
crop canopy.”

For hand-applied products, to be applied as sprays or dusts:

“Do not allow spray or dust to drift from the application site, and contact people,
structures people occupy at any time, and the associated property, parks and recreation
areas, nontarget crops, aquatic and wetland areas, woodlands, pastures, rangelands, or
animals.  Apply only when wind speed is not more than 10 mph.  For sprays, apply largest
size droplets possible.”
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Alternatively, registrants may elect to use the following language, which is the current
Agency policy on drift labeling.  For products that are applied outdoors in liquid sprays (except
mosquito adulticides), regardless of application method:

“Do not allow this product to drift.”

V. What Registrants Need to Do

In order to be eligible for reregistration, registrants need to implement the risk mitigation
measures outlined in Section IV and V, which include, among other things, submission of the
following:

For chlorpyrifos technical grade active ingredient products, registrants need
to submit the following items.

Within 90 days from receipt of the generic data call-in (DCI): 

(1) completed response forms to the generic DCI (i.e., DCI response form and
requirements status and registrant’s response form); and  

(2) submit any time extension and/or waiver requests with a full written 
justification.

Within the time limit specified in the generic DCI:

(1) Cite any existing generic data which address data requirements or submit
new generic data responding to the DCI.

Please contact Tom Myers at 703/308-8589 with questions regarding generic
reregistration and/or the DCI.  All materials submitted in response to the generic DCI should be
addressed:

By US mail: By express or courier service:
Document Processing Desk (DCI/SRRD) Document Processing Desk (DCI/SRRD)
Chemical Review Manager’s Name Chemical Review Manager’s Name
US EPA (7508C) Office of Pesticide Programs (7508C)
1200 Pennsylvania Ave., NW Room 266A, Crystal Mall 2
Washington, DC  20460 1921 Jefferson Davis Highway

Arlington, VA  22202 

For products containing the active ingredient chlorpyrifos, registrants need to
submit the following items for each product.
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Within 90 days from the receipt of the product-specific data call-in (PDCI):

(1) Complete response forms to the PDCI (i.e., PDCI response form and 
requirements status and registrant’s response form); and

(2) Submit any time extension or waiver requests with a full written 
justification.

Within eight months from the receipt of the PDCI:

(1) Two copies of the confidential statement of formula (EPA Form 8570-4); 

(2) A completed original application for reregistration (EPA Form 8570-1). 
Indicate on the form that it is an “application for reregistration”;

(3) Five copies of the draft label incorporating all label amendments outlined 
in Table [insert table number] of this document;

(4) A completed form certifying compliance with data compensation 
requirements (EPA Form 8570-34);

(5) If applicable, a completed form certifying compliance with cost share offer
requirements (EPA Form 8570-32); and

(6) The product-specific data responding to the PDCI.

Please contact Venus Eagle at (703)308-8045 with questions regarding product
reregistration and/or the PDCI.  All materials submitted in response to the PDCI should be
addressed:

By US mail: By express or courier service only:
Document Processing Desk (PDCI/PRB) Document Processing Desk (PDCI/PRB)
Chemical Review Manager’s Name Chemical Review Manager’s Name
US EPA (7508C) Office of Pesticide Programs (7508C)
1200 Pennsylvania Ave., NW Room 266A, Crystal Mall 2
Washington, DC  20460 1921 Jefferson Davis Highway

Arlington, VA  22202
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A. Manufacturing Use Products

1. Additional Generic Data Requirements

The generic data base supporting the reregistration of  chlorpyrifos for the above eligible
uses has been reviewed and determined to be substantially complete.  The following data gaps
remain: 

Guideline 830.6314 data requirements remain outstanding for the DAS 99% T.  Data
remain outstanding for all other chlorpyrifos MPs; for many MPs no product
chemistry data have been submitted. 

Magnitude of the residue in corn fodder and forage
Magnitude of the residue in cotton gin by-products
Magnitude of the residue in clover and grasses
Magnitude of the residue in aspirated grain fractions of sorghum, soybeans and wheat
Magnitude of the residue in cherries
Exposure data for seed treatment uses 
Exposure data for dip applications  (e.g., preplant peaches)
Exposure data for mixing wettable powders for aerial/chemigation application
Exposure data for loading and applying granulars for aerial application
Exposure data for backpack spray applications
Dislodgeable foliar residues on ornamentals in greenhouses
Risk Assessment data for treated wood in residential structures
Exposure data for reentry into treated areas with soil incorporated/directed applications 
Use pattern information for hydraulic handheld spray applications (amounts handled per
day, per season; types of sprayers used)

Also, a  Data Call-In Notice (DCI) was recently sent to registrants of organophosphate
pesticides currently registered under FIFRA (August 6, 1999 64FR42945-42947, August 18
64FR44922-44923).  DCI requirements included acute, subchronic, and developmental 
neurotoxicity studies; due dates are 9/2001.  Registrant responses are under review.

2. Labeling for Manufacturing Use Products

To remain in compliance with FIFRA, manufacturing use product (MUP) labeling should
be revised to comply with all current EPA regulations, PR Notices and applicable policies.  The
MP labeling should bear the labeling contained in Table 38 at the end of this section. 
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B. End-Use Products

1. Additional Product-Specific Data Requirements

Section 4(g)(2)(B) of FIFRA calls for the Agency to obtain any needed product-specific
data regarding the pesticide  after a determination of eligibility has been made.   Registrants must
review previous data submissions to ensure that they meet current EPA acceptance criteria and if
not, commit to conduct new studies.  If a registrant believes that previously submitted data meet
current testing standards, then the study MRID numbers should be cited according to the
instructions in the Requirement Status and Registrants Response Form provided for each product.

A product-specific data call-in, outlining specific data requirements, accompanies this
interim RED.

2. Labeling for End-Use Products

Labeling changes are necessary to implement the mitigation measures outlined in Section
IV above.  Specific language to incorporate these changes is specified in the Table 35 at the end
of this section. 

C. Existing Stocks

Registrants may generally distribute and sell products bearing old labels/labeling for 26
months from the date of the issuance of this Interim Reregistration Eligibility Decision document. 
Persons other than the technical registrants may generally distribute or sell such products for 50
months from the date of the issuance of this interim RED.  However, existing stocks time frames
will be established case-by-case, depending on the number of products involved, the number of
label changes, and other factors.  Refer to “Existing Stocks of Pesticide Products; Statement of
Policy”; Federal Register, Volume 56, No. 123, June 26, 1991.

The Agency has determined that registrant may distribute and sell chlorpyrifos products
bearing old labels/labeling for 26 months from the date of issuance of this interim RED.  Persons
other than the technical registrants may distribute or sell such products for 50 months from the
date of the issuance of this interim RED.  Registrants and persons other than the technical
registrants remain obligated to meet pre-existing label requirements and existing stocks
requirements applicable to products they sell or distribute. 

D. Labeling Changes Summary Table

In order to be eligible for reregistration, amend all product labels to incorporate the risk
mitigation measures outlined in Section IV.  Table 35 describes how language on the labels should
be amended.
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Table 35.  Summary of Labeling Changes for Chlorpyrifos
Description Amended Labeling Language Placement on Label

Manufacturing Use Products

One of these statements
may be added to a label
to allow reformulation
of the product for a
specific use or all
additional uses
supported by a
formulator or user
group

“Only for formulation into an insecticide for the following use(s) [fill blank only with those uses that are being
supported by MP registrant].”

Directions for Use

“This product may be used to formulate products for specific use(s) not listed on the MP label if the formulator,
user group, or grower has complied with U.S. EPA submission requirements regarding support of such use(s).”

Or

“This product may be used to formulate products for any additional use(s) not listed on the MP label if the
formulator, user group, or grower has complied with U.S. EPA submission requirements regarding support of such
use(s).”

Directions for Use

Environmental
Hazards Statements
Required by the RED
and Agency Label
Policies 

This pesticide is toxic tobirds and wildlife, and extremely toxic to fish and aquatic organisms.  Do not discharge
effluent containing this product into lakes, streams, ponds, estuaries, oceans or other waters unless in accordance
with the requirements of a National Pollutant Discharge Elimination System (NPDES) permit and the permitting
authority has been notified in writing prior to discharge.  Do not discharge effluent containing this product to
sewer systems without previously notifying the local sewage treatment plant authority.  For guidance, contact your
State Water Board or Regional Office of the EPA.

Directions for Use

End Use Products Intended for Occupational Use 
Products That Have Worker Protection Standard (WPS) Uses Only  or Both WPS and Non WPS Uses on Same Label 

Handler PPE
requirements (all
formulations)

Note the following information when preparing labeling for all end use products:

For sole-active-ingredient end-use products that contain chlorpyrifos, the product label must be revised to adopt
the handler personal protective equipment (PPE)/engineering control requirements set forth in this section.  Any
conflicting PPE requirements on the current label must be removed.

For multiple-active-ingredient end-use products that contain chlorpyrifos, the handler PPE/engineering control
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requirements set forth in this section must be compared with the requirements on the current label, and the more
protective language must be retained.  For guidance on which requirements are considered to be more protective,
see PR Notice 93-7.

PPE that is established on the basis of Acute Toxicity testing with the end-use products must be compared with the
active ingredient PPE specified below in this document.  The more protective PPE must be placed in the product
labeling.  For example, the Handler PPE in this RED does not require protective eyewear which may be required
by the Acute Toxicity testing for the end-use product.   For guidance on which PPE is considered more protective,
see PR Notice 93-7.

Handler PPE
requirements for liquid
formulation packaged
in containers holding
more than 2.5  gallons.

“Personal Protective Equipment (PPE)
Some materials that are chemical-resistant to this product are [registrant inserts correct material].  For more
information, following instructions in Supplement Three of PR Notice 93-7.  If you want more options, follow the
instructions for category [insert A,B,C,D,E,F,G or H] on an EPA chemical-resistance category selection chart.”

“Mixers and loaders using a mechanical transfer loading system and applicators using aerial or groundboom
application equipment must wear:

- long sleeved shirt and long pants;
- socks and shoes.

In addition to the above, mixers and loaders using a mechanical transfer loading system must wear:

- chemical resistant gloves;
- chemical resistant apron;
- an air purifying respirator equipped with an N-, R- or P- series filter.

See engineering controls for additional requirements

All other mixers, loaders, applicators and handlers must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves;
- chemical resistant apron when mixing or loading or exposed to the concentrate; 
- chemical-resistant footwear plus socks;
- chemical-resistant headgear for overhead exposures;

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals 
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- an air purifying respirator equipped with an N-, R- or P- series filter.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Handler PPE
requirements for liquid
formulation packaged
in containers holding
2.5 gallons or less.

“Personal Protective Equipment (PPE)
Some materials that are chemical-resistant to this product are” [registrant inserts correct material].  “For more
information, following instructions in Supplement Three of PR Notice 93-7.  If you want more options, follow the
instructions for category [insert A,B,C,D,E,F,G or H] on an EPA chemical-resistance category selection chart.”

All mixers, loaders, other applicators and other handlers  must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves;
- chemical resistant apron when mixing or loading or exposed to the concentrate; 
- chemical-resistant footwear plus socks;
- chemical-resistant headgear for overhead exposures;
- an air purifying respirator equipped with an N-, R- or P- series filter.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.
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Handler PPE
requirements for
wettable powder
formulations.

(wettable powder
formulations must be
in water-soluble
packaging to be
eligible for
reregistration)

“Personal Protective Equipment (PPE)
Some materials that are chemical-resistant to this product are” [registrant inserts correct material]. “ For more
information, following instructions in Supplement Three of PR Notice 93-7.  If you want more options, follow the
instructions for category [insert A,B,C,D,E,F,G or H] on an EPA chemical-resistance category selection chart.”

“Mixers and loaders must wear:

- long-sleeved shirt and long pants;
- socks and shoes;
- chemical resistant gloves;
- chemical resistant apron.

Applicators using aerial application equipment must wear:

- long-sleeved shirt and long pants;
- socks and shoes.

See engineering controls for additional requirements.

All other handlers must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves;
- chemical resistant apron when mixing or loading;
- chemical-resistant footwear plus socks;
- chemical-resistant headgear for overhead exposures;
- an air purifying respirator equipped with an N-, R- or P- series filter.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals 
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Handler PPE
requirements for
granular products

“Personal Protective Equipment (PPE)
Some materials that are chemical-resistant to this product are” [registrant inserts correct material].  “For more
information, following instructions in Supplement Three of PR Notice 93-7.  If you want more options, follow the
instructions for category [insert A,B,C,D,E,F,G or H] on an EPA chemical-resistance category selection chart.”

“Loaders, applicators and all other handlers must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves;
- chemical-resistant footwear plus socks;
- an air purifying respirator equipped with an N-, R- or P- series filter.”

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals 
 (goggles, face shield,
or safety glasses with
front, brow and
temple protection)

User Safety
Requirements “Follow manufacturer's instructions for cleaning/maintaining PPE.  If no such instructions for washables exist, use

detergent and hot water.  Keep and wash PPE separately from other laundry.”

“Discard clothing and other absorbent materials that have been drenched or heavily contaminated with this
product’s concentrate.  Do not reuse them.”  (This second statement is not required for granular formulations)

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals
immediately following
the PPE requirements
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Engineering Controls
required for liquid
formulations packaged
in containers holding
more than 2.5 gallons.

“Engineering Controls”

“Mixers and loaders supporting aerial applications must use  a mechanical transfer system that meets the
requirements listed in the Worker Protection Standard (WPS) for agricultural pesticides [40 CFR 170.240(d)(4)]
for dermal protection, and must:

-- wear the personal protective equipment required above for mixers/loaders,
-- wear protective eyewear if the system operates under pressure, and
-- be provided and have immediately available for use in an emergency, such as a broken package, spill,
or equipment breakdown: coveralls, chemical resistant footwear and chemical resistant headgear if
overhead exposure.”

"Pilots must  use an enclosed cockpit in a manner that meets the requirements listed in the Worker Protection
Standard (WPS) for agricultural pesticides [40 CFR 170.240(d)(6)].”

“Use of human flaggers is prohibited.  Mechanical flagging equipment must be used.”

“When handlers use closed cab motorized ground application equipment in a manner that meets the requirements
listed in the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR 170.240(d)(4-6), the handler
PPE requirements may be reduced or modified as specified in the WPS.” 

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals  
(Immediately
following PPE and
User Safety
Requirements.) 

Engineering Controls 
for liquid formulations
packaged in containers
less than 2.5 gallons.

“Engineering Controls”

“When handlers use closed systems or closed cab motorized ground application equipment in a manner that meets
the requirements listed in the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR
170.240(d)(4-6), the handler PPE requirements may be reduced or modified as specified in the WPS.”   

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals  
(Immediately
following PPE and
User Safety
Requirements.) 
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Engineering controls
for wettable powder
formulations

“Engineering Controls”

“Water-soluble packets, when used correctly, qualify as a closed mixing/loading system  under the Worker
Protection Standard (WPS) for Agricultural Pesticides [40 CFR 170.240(d)(4)].  Mixers and loaders using water-
soluble packets must wear the PPE required above for mixer/loaders, and have immediately available for use in
emergency (such as a broken package, spill or equipment breakdown) additional PPE.  These PPE include
coveralls and chemical-resistant footwear and a non-powered air purifying respirator equipped with an N-, R- or
P- series filter.”

"Pilots must  use an enclosed cockpit in a manner that meets the requirements listed in the Worker Protection
Standard (WPS) for agricultural pesticides [40 CFR 170.240(d)(6)].”

“Use of human flaggers is prohibited.  Mechanical flagging equipment must be used.”

“When applicators use closed cab motorized ground equipment in a manner that meets the requirements listed in
the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR 170.240(d)(4-6), the handler PPE
requirements may be reduced or modified as specified in the WPS.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals  
(Immediately
following PPE and
User Safety
Requirements.) 

Engineering controls
for Granular
formulations

“Engineering Controls”

"Pilots must  use an enclosed cockpit in a manner that meets the requirements listed in the Worker Protection
Standard (WPS) for agricultural pesticides [40 CFR 170.240(d)(6)].”

“When applicators use closed cab motorized ground equipment in a manner that meets the requirements listed in
the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR 170.240(d)(4-6), the handler PPE
requirements may be reduced or modified as specified in the WPS.”

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals  
(Immediately
following PPE and
User Safety
Requirements.) 
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User Safety
Recommendations

“User Safety Recommendations”
 
“Users should wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.”

“Users should remove clothing/PPE immediately if pesticide gets inside.  Then wash thoroughly and put on clean
clothing.”

“Users should remove PPE immediately after handling this product.  Wash the outside of gloves before removing. 
As soon as possible, wash thoroughly and change into clean clothing.”

Precautionary
Statements
immediately following 
the Engineering
Controls

Environmental
Hazards 

“Environmental Hazards” 

“This pesticide is toxic to fish, aquatic invertebrates, small mammals and birds.  Do not apply directly to water, or
to areas where surface water is present or to intertidal areas below the mean high water mark.  Drift and runoff
may be hazardous to aquatic organisms in water adjacent to treated areas.  Do not contamiinate water when
disposing of equipment wash water or rinsate.

This product is highly toxic to bees exposed to direct treatment or residues on blooming crops or weeds.  Do not
apply this product or allow it to drift to blooming crops or weeds if bees are visiting the treatment area.”

Precautionary
Statements
immediately following
the User Safety
Recommendations

Restricted-Entry
Interval

“Do not enter or allow entry into treated areas during the restricted entry interval (REI).  The REI for each crop is
listed in the directions for use associated with each crop”

Directions for Use,
Agricultural Use
Requirements Box

WPS Restricted Entry
Intervals (REI) 

The Directions for Use must be amended to reflect the following REI:

The REI for all crops except those listed below is 24 hours

cauliflower: 3 days
citrus trees: 5 days
fruit trees: 4 days

Directions for Use
Under Application
Instructions for Each
Crop
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Early Re-entry
Personal Protective
Equipment established
by the RED. 

“PPE required for early entry into treated areas that is permitted under the Worker Protection Standard and
involves contact with anything that has been treated, such as plants, soil, or water, is:

Coveralls over short sleeved shirt and shirt pants;
Chemical resistant gloves made out of any waterproof material;
Chemical resistant footwear plus socks;
Chemical Resistant headgear for over head exposures.”

“Notify workers of the application by warning them orally and by posting warning signs at entrances to treated
areas.”

Directions for Use,
Agricultural Use
Requirements Box

Entry Restrictions for
products applied as
sprays that have Non-
WPS uses on the label

“Do not enter or allow others to enter until sprays have dried” Directions for Use in
the Non-Agricultural
Use Requirements
Box.

Entry Restrictions for
products applied as
sprays that have Non-
WPS uses on the label

“Do not enter or allow others to enter until dust have settled” Directions for Use in
the Non-Agricultural
Use Requirements
Box.

General Application
Restrictions

“Do not apply this product in a way that will contact workers or other persons, either directly or through drift. 
Only protected handlers may be in the area during application.”

Labels must be amended to reflect the following application restrictions which supercede or are in addition to
restrictions currently on labels:

Preharvest interval restrictions:

All crops 7 days except:

cauliflower: 21-30 days
nut trees: 14 days
citrus trees: 21 days
fruit trees: 28 days

Place in the Direction
for Use
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Aerial application restrictions:

All formulations:  “Aerial application to peanuts is prohibited.”
Granular formulations: “Do not apply  by aircraft at a rate greater than 1 lb. ai/A.”

Maximum application rates for a single application:

- golf course turf :  1 lb. ai/A
- citrus: 2 lbs. ai/A, except in Fresno, Tulare, Kern, Kings and Madera Counties, California, where it may be
applied at 6 lbs. ai/A for control of red scale
- tobacco (liquids): 2 lbs. ai/A
- tobacco (granulars): 3 lbs. ai/A

Maximum number of applications per season:

- alfalfa (liquids):   4
- citrus (liquids): 2
- citrus orchard floors (granulars):  3
- corn (field, sweet, seed) (liquids): 3
- corn (field, sweet, seed) (granulars): 2
- cotton (liquids): 3
- sorghum (liquids): 3
- soybeans (liquids): 3
- sugar beets (liquids): 3
- sugar beets (granulars): 3
- sunflowers (liquids): 3
- tobacco (liquids): 1
- walnut and almond orchard floors (liquids): 2

Maximum amount a.i to be applied per acre per season:

- citrus (granulars) use on orchard floors: 3 lbs. ai/A
- corn (field, sweet, seed) (liquids): 3 lbs. ai/A
- corn (field, sweet, seed) (granulars): 2 lbs. ai/A
- cotton (liquids): 3 lbs. ai/A
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- sunflowers (liquids): 3 lbs. ai/A
- tobacco (liquids): 1 lb. ai/A
- tree nuts (liquids): 4 lbs. ai/A
- walnut and almond orchard floors (liquids): 4 lbs. ai/A



Description Amended Labeling Language Placement on Label

112

Spray drift restrictions
for outdoor products
applied as sprays.

“Do not allow spray to drift from the application site and contact people, structures people occupy at any time and
the associated property, parks and recreation areas, nontarget crops, aquatic and wetland areas, woodlands,
pastures, rangelands, or animals.”

“For ground boom applications, do not apply within 25 feet of rivers, natural ponds, lakes, streams,
reservoirs, marshes, estuaries and commercial fish ponds.  Apply with nozzle height no more than 4 feet
above the ground or crop canopy and when wind speed is 10 mph or less at the application site as
measured by an anemometer.  Use (registrant to fill in blank with spray quality, e.g. fine or medium) or
coarser spray according to ASAE 572 definition for standard nozzles or VMD for spinning atomizer
nozzles.”

“For orchard/vineyard airblast applications, do not apply within 50 feet of rivers, natural ponds, lakes,
streams, reservoirs, marshes, estuaries and commercial fish ponds.  Direct spray above trees/vines and
turn off outward pointing nozzles at row ends and outer rows.  Apply only when wind speed is 3 –10 mph
at the application site as measured by an anemometer outside of the orchard/vineyard on the upwind
side.”

“For aerial applications, do not apply within 150 feet of rivers, natural ponds, lakes, streams, reservoirs,
marshes, estuaries and commercial fish ponds.  The boom width must not exceed 75% of the wingspan or
90% of the rotary blade.  Use upwind swath displacement and apply only when wind speed is 3 -- 10 mph
as measured by an anemometer. Use _____ (registrant to fill in blank with spray quality, e.g. fine or
medium) or coarser spray according to ASAE 572 definition for standard nozzles or VMD for spinning
atomizer nozzles.  If application includes a  no-spray zone, do not release spray at a height greater than
10 feet above the ground or the crop canopy.”

“For overhead chemigation, do not apply within 25 feet of  rivers, natural ponds, lakes, streams,
reservoirs, marshes, estuaries and commercial fish ponds. Apply only when wind speed is 10 mph or
less.”

“The applicator also must use all other measures necessary to control drift.”

Directions for Use in
General Precautions
and Restrictions
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End Use Products Intended for Occupational Use 
Products That Have Only Non-Worker Protection Standard (Non-WPS) Uses  on the Label

Handler PPE
requirements (all
formulations)

Note the following information when preparing labeling for all end use products:

For sole-active-ingredient end-use products that contain chlorpyrifos, the product label must be revised to adopt
the handler personal protective equipment (PPE)/engineering control requirements set forth in this section.  Any
conflicting PPE requirements on the current label must be removed.

For multiple-active-ingredient end-use products that contain chlorpyrifos, the handler PPE/engineering control
requirements set forth in this section must be compared with the requirements on the current label, and the more
protective language must be retained.  For guidance on which requirements are considered to be more protective,
see PR Notice 93-7.

PPE that is established on the basis of Acute Toxicity testing with the end-use products must be compared with the
active ingredient PPE specified below in this document.  The more protective PPE must be placed in the product
labeling.  For example, the Handler PPE in this RED does not require protective eyewear which may be required
by the Acute Toxicity testing for the end-use product.   For guidance on which PPE is considered more protective,
see PR Notice 93-7.
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Handler PPE
requirements for liquid
formulations 1

“Personal Protective Equipment (PPE)

Mixers and loaders motorized groundboom application equipment must wear:

- long sleeved shirt and long pants;
- socks and shoes.

See engineering controls for additional requirements

All other mixers, loaders, applicators and handlers must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves such as ( insert glove type as per Supplement Three of PR Notice 93-7);
- chemical resistant apron when mixing or loading or exposed to the concentrate; 
- chemical-resistant footwear plus socks;
- chemical-resistant headgear for overhead exposures;
- an air purifying respirator equipped with an N-, R- or P- series filter.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals
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Handler PPE
requirements for
wettable powder
formulations.

(wettable powder
formulations must be
in water-soluble
packaging to be
eligible for
reregistration)

“Personal Protective Equipment (PPE)

Mixers and loaders must wear:

- long-sleeved shirt and long pants;
- socks and shoes;
- chemical resistant gloves such as ( Registrant inserts glove type as per Supplement Three of PR Notice 93-7);
- chemical resistant apron.

Applicators using motorized ground boom application equipment must wear:

- long-sleeved shirt and long pants;
- socks and shoes.

See engineering controls for additional requirements.

All other handlers must wear:

- coveralls over long-sleeved shirt and long pants;
- chemical-resistant gloves;
- chemical resistant apron when mixing or loading;
- chemical-resistant footwear plus socks;
- chemical-resistant headgear for overhead exposures;
- an air purifying respirator equipped with an N-, R- or P- series filter.”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals 
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Handler PPE
requirements for
granular products1

“Personal Protective Equipment (PPE)

“Loaders, applicators and all other handlers must wear:
–long-sleeved shirt and long pants;
–socks and shoes.

In addition to the above,  loaders must wear: 

–chemical-resistant gloves such as ( registrant inserts glove type as per Supplement Three of PR Notice 93-7.);  
–chemical-resistant apron;
--a non-powered air purifying respirator equipped with an N-, R- or P- series filter.

See engineering controls for additional requirements”

Note:   The registrant must drop the N-series filter from the respirator statement if the pesticide product contains
or is used with oil.

Immediately
following/below 
Precautionary
Statements:  Hazards
to Humans and
Domestic Animals

User Safety
Requirements 

“Follow manufacturer's instructions for cleaning/maintaining PPE.  If no such instructions for washables exist, use
detergent and hot water.  Keep and wash PPE separately from other laundry.”

“Discard clothing and other absorbent materials that have been drenched or heavily contaminated with this
product’s concentrate.  Do not reuse them.”  (This second statement is not required for granular formulations)

Precautionary
Statements:  Hazards
to Humans and
Domestic Animals
immediately following
the PPE requirements

Engineering Controls
requirements for liquid
formulations

“Engineering Controls”

“When handlers use closed cab motorized ground application equipment in a manner that meets the requirements
listed in the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR 170.240(d)(4-6), the handler
PPE requirements may be reduced or modified as specified in the WPS.” 
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Engineering Controls
requirements for
wettable powder
formulations for
products in water-
soluble packaging

“Engineering Controls”

“Water-soluble packets, when used correctly, qualify as a closed mixing/loading system.  Mixers and loaders using
water-soluble packets must wear the PPE required above for mixer/loaders, and have immediately available for use
in emergency (such as a broken package, spill or equipment breakdown) additional PPE.  These PPE include
coveralls and chemical-resistant footwear and a non-powered air purifying respirator equipped with an N-, R- or
P- series filter.”

“When handlers use closed cab motorized ground application equipment in a manner that meets the requirements
listed in the Worker Protection Standard (WPS) for agricultural pesticides (40 CFR 170.240(d)(4-6), the handler
PPE requirements may be reduced or modified as specified in the WPS.” 

User Safety
Recommendations “User Safety Recommendations”

 
“Users should wash hands before eating, drinking, chewing gum, using tobacco or using the toilet.”

“Users should remove clothing/PPE immediately if pesticide gets inside.  Then wash thoroughly and put on clean
clothing.”

“Users should remove PPE immediately after handling this product.  Wash the outside of gloves before removing. 
As soon as possible, wash thoroughly and change into clean clothing.”

Placed in a box in the
Precautionary
Statements under
Hazards to Humans
and Domestic
Animals immediately
following Engineering
Controls. 

Entry Restrictions for
products applied as
sprays

“Do not enter or allow others to enter until sprays have dried” Directions for Use
under Application
Restrictions.

Entry Restrictions for
granular or dust
products 

“Do not enter or allow others to enter until dusts have settled” Directions for Use
under Application
Restrictions.
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Application
Restrictions (all
applicable
formulations)

“Do not apply this product in a way that will contact workers or other persons, either directly or through drift. 
Only protected handlers may be in the area during application.”

 The following statement should be placed on labels of products used on either golf course turf or manhole covers:

          “The maximum application rate per application is 1 lb. ai/A.”

          “Do not use this product on manhole covers in storm drain systems.”

Directions For Use
under General
Precautions and
Restrictions 

Spray drift restrictions
for outdoor products
applied as sprays.

“Do not allow spray to drift from the application site and contact people, structures people occupy at any time and
the associated property, parks and recreation areas, nontarget crops, aquatic and wetland areas, woodlands,
pastures, rangelands, or animals.

For ground boom applications, do not apply within 25 feet of rivers, natural ponds, lakes, streams,
reservoirs, marshes, estuaries and commercial fish ponds.  Apply with nozzle height no more than 4 feet
above the ground or crop canopy and when wind speed is 10 mph or less at the application site as
measured by an anemometer.  Use (registrant to fill in blank with spray quality, e.g. fine or medium) or
coarser spray according to ASAE 572 definition for standard nozzles or VMD for spinning atomizer
nozzles.

The applicator also must use all other measures necessary to control drift.”

Directions for Use
under Application
Restrictions.

1 PPE that is established on the basis of Acute Toxicity of the end-use product must be compared to the active ingredient PPE in this document.  The more
protective PPE must be placed in the product labeling.  For guidance on which PPE is considered more protective, see PR Notice 93-7.

2 If the product contains oil or bears instructions that will allow application with an oil-containing material, the “N” designation must be dropped.

Instructions in the Labeling Changes section of Table 35 appearing in quotations represent the exact language that should appear on the label.

Instructions in the Labeling Changes section of Table 35 not in quotes represents actions that the registrant should take to amend their labels or product
registrations.



119

VI.  Related Documents and How to Access Them

This interim Reregistration Eligibility Document is supported by documents that are
presently maintained in the OPP docket. The OPP docket is located in Room 119, Crystal Mall #2,
1921 Jefferson Davis Highway, Arlington, VA. It is open Monday through Friday, excluding legal
holidays from 8:30 am to 4 pm.

The docket initially contained preliminary risk assessments and related documents as of
[date].  Sixty days later the first public comment period closed.  The EPA then considered
comments, revised the risk assessment, and added the formal “Response to Comments” document
and the revised risk assessment to the docket on [date].  

All documents, in hard copy form, may be viewed in the OPP docket room or downloaded
or viewed via the Internet at the following site: "http://www.epa.gov/pesticides/op."


